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CONVERSION  FACTORS,  U.S.  CUSTOMARY  TO  METRIC  (SI)  UNITS  OF  MEASUREMENT 


U.S.  customary  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  (SI)  units  as  follows: 


Multiply 

by 

To  obtain 

inches 

25.4 

millimeters 

2.54 

centimeters 

square  inches 

6.452 

square  centimeters 

cubic  inches 

16.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0283 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

, square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

ki lome  ters 

square  miles 

259.0 

hectares 

knots 

1.852 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.3558 

newton  meters 

millibars 

1.0197  x  10-3 

kilograms  per  square  centimeter 

ounces 

28.35 

grams 

pounds 

453.6 

grams 

0.4536 

ki lograms 

ton,  long 

1.0160 

metric  tons 

ton,  short 

0.9072 

metric  tons 

degrees  (angle) 

0.01745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins1 

*To  obtain  CeLsius 

(C) 

temperature  readings 

from  Fahrenheit  (F)  readings. 

use  formula:  C  =  (5/9) 

(F  -32). 

To  obtain  Kelvin 

(K) 

readings,  use  formula: 

K  =  (5/9)  (F  -32)  +  273.13. 

A  USER'S  GUIDE  TO  CERC'S  FIELD  RESEARCH  FACILITY 

by 

1 V.A.  Birkemeiev,  A.K.  DeWall, 

C.S.  Corbies,  and  H.C.  Miller 

l.  INTRODUCTION 

Federal  interest  in  coastal  engineering  began  in  the  1920's  as  a  result  of 
the  increasing  shoreline  erosion  along  the  recreational  beaches  in  New  Jersey. 
This  concern  led  to  the  formation  of  the  Beach  Erosion  Board  (BEB)  in  July 
1930  as  a  part  of  the  civil  works  program  of  the  U.S.  Army  Corps  of  Engineers. 
The  BEB  functioned  largely  as  an  advisor  to  the  States  with  coastal  erosion 
problems;  however,  the  increasing  need  for  research  became  evident.  In  recog¬ 
nition  of  that  need,  the  BEB  began  expanding  to  include  an  official  research 
program.  In  1963,  Congress  established  the  Coastal  Engineering  Research 
Center  (CERC),  abolishing  the  BEB,  and  broadened  the  BEB's  general  investiga¬ 
tion  responsibilities  to  form  the  research  mission  of  CERC. 

CERC's  mission,  as  the  principal  research  and  development  facility  of  the 
U.S.  Army  Corps  of  Engineers  in  the  field  of  coastal  engineering,  is  to  con¬ 
ceive,  plan,  conduct,  and  publish  the  results  of  data  collection  and  research 
in  coastal  engineering  and  nearshore  oceanography  to  provide  a  better  under¬ 
standing  of  the  waves,  winds,  water  levels,  tides,  coastal  currents,  and  the 
coastal  processes  resulting  from  these  littoral  forces.  CERC's  research 
focuses  on  shore  and  beach  erosion  control;  coastal  flooding  and  storm  pro¬ 
tection;  navigation  improvements;  recreation;  and  the  design,  construction, 
operation,  and  maintenance  of  coastal  and  offshore  structures. 

Much  of  CERC's  past  research  in  coastal  engineering  has  consisted  of 
laboratory  experimentation  and  theoretical  investigations.  Supportive  field¬ 
work  has  been  hampered  by  a  lack  of  dependable  means  of  obtaining  high-quality 
wave,  beach,  and  water  level  data,  including  data  during  storms.  To  over¬ 
come  this  deficiency,  CERC  constructed  the  Field  Research  Facility  (FRF)  on 
175  acres  at  Duck,  North  Carolina  (Fig.  1).  Located  at  36°10'54.6"  N.  and 
7 5°45'5.2"  W.  (landward  end),  the  FRF  consists  of  a  561-meter-long  (1,840 
feet)  pier  (Fig.  2),  which  was  completed  in  August  1976,  and  a  418-square 
meter  (4,500  square  feet)  laboratory  and  office  building  (Fig.  3)  completed  in 
^.rch  1980.  The  FRF  is  designed  to  fulfill  four  major  objectives: 

(a)  To  provide  a  rigid  platform  from  the  land,  across  the  dunes, 
beach,  and  surf  zone  out  to  the  6-meter  (20  feet)  water  depth  from 
which  waves,  currents,  water  levels,  and  bottom  elevations  can  be 
measured,  especially  during  severe  storms; 

(b)  to  serve  as  a  permanent  field  base  of  operations  for  physi¬ 
cal  and  biological  studies  of  the  site,  the  adjacent  sound,  bay,  and 
ocean  region  by  CERC,  other  Federal  agencies,  universities,  and 
private  industry; 

(c)  to  provide  CERC  with  field  experience  and  data  that  will 
complement  laboratory  and  analytical  studies  and  provide  a  better 
understanding  of  the  Influence  of  field  conditions  on  measurements 
and  design  practices;  and 

(d)  to  provide  a  manned  field  facility  for  testing  new 
instrume ntat ion. 
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Figure  3.  The  laboratory  building. 

Although  primarily  intended  for  CERC  research  studies,  other  research 
organizations'  use  of  the  FRF  and  the  data  collected  thereby  is  encouraged. 
This  report  provides  potential  users  of  the  facility  with  useful  information 
about  the  facility,  the  area,  the  climate,  and  the  data  being  collected.  Any 
questions  which  are  not  addressed  in  this  guide  should  be  directed  to: 

Chief,  Field  Research  Facility 
S.R.  Box  271 
Kitty  Hawk,  NC  27949 
(919)  261-3311 

Local  dialing  from  Washington  D.C.  area; 

370-6423 

1 .  Use  of  the  FRF. 

a.  Obtaining  Permission.  It  is  necessary  to  obtain  written  permission  to 
use  the  FRF.  This  can  be  done  by  sending  a  synopsis  of  the  research  to: 

Commander  and  Director 

U.S.  Army  Coastal  Engineering  Research  Center 

Kingman  Building 

Fort  Bel voir,  VA  22060 

Included  in  this  letter  should  be  the  following  information: 

(1)  Description  of  the  planned  research; 

(2)  dates; 

())  the  approximate  number  of  participants; 

(4)  a  statement  of  the  use,  requirements,  and  expectations  of  the 
FRF;  and 

(3)  other  pertinent  information. 
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Because  of  the  occasionally  harsh  environment  that  exists  at  the  FRF,  it 
is  imperative  that  potential  users  are  aware  of  the  prevailing  conditions  at 
the  time  of  their  experiment  and  have  good  advance  planning  (with  regard  to 
both  people  and  equipment).  Although  this  user's  guide  will  help  in  that 
respect,  any  experiment  should  be  discussed  with  the  FRF  staff  before  a  formal 
request  for  use  is  submitted. 

Particular  attention  will  be  given  to  those  experiments  requiring  equip¬ 
ment  to  either  be  mounted  directly  on  the  pier  or  placed  in  the  water.  The 

area  seaward  of  the  FRF  is  a  popular  commercial  fishing  area  with  heavy  use 

from  October  to  December.  Because  of  this,  experimental  equipment  placed  in 

this  area  should  be  marked  with  a  pinger  (acoustic  beacon)  and  a  large, 

lighted  radar  reflective  buoy.  Experiments  within  the  pier  length  should  be 
marked  by  a  buoy  (a  pinger  is  desirable).  Any  installation  requiring  diver 
maintenance  should  be  marked  by  a  buoy  or  be  attached  by  a  handline  to  a 
nearby  buoy  for  easy  locating.  Mooring  lines  should  be  large  diameter  rope  or 
steel  cable.  The  U.S.  Coast  Guard  should  be  informed  of  all  navigational 
obstructions.  Experiment  plans  must  also  Include  plans  for  removal  of 
equipment. 

b.  Costs  and  Funding  of  Research.  If  the  planned  research  relates  to  the 
CF.RC  mission,  use  of  the  facility  and  of  the  data  being  collected  there  is 

free.  Costs  for  projects  not  relating  to  the  CERC  mission  will  be  assessed 
according  to  the  user's  purpose  and  resources.  Reimbursement  will  be  required 
for  out-of-the-ordinary  use  of  FRF  staff  and  equipment. 

Although  availability  varies  considerably  from  year  to  year,  limited  CERC 
funding  may  be  available  for  contract  (not  grant)  work.  CERC  funding  of 
research  by  nongovernmental  organizations  may  be  applied  for  either  by  sub¬ 
mitting  an  "unsolicited  proposal"  or  by  responding  to  a  "Request  for  Proposal 
( RFP)"  issued  by  CERC. 

Unsolicited  proposals  are  formal  proposals,  developed  by  the  researchers, 
which  address  a  research  topic  relevant  to  CERC's  mission.  The  proposal 
should,  at  the  minimum,  include  the  following: 

Title  page 
Title 

Proposed  starting  date 
Durat ion 

Principal  investigator  (name,  title,  phone  number) 

Abstract  of  study 

Study  description 
Research  objectives 
Research  application 
Site  description  (if  applicable) 

Procedure 

Research  results  and  reports 
Cost  estimate  (detailed) 

Unsolicited  proposals  should  be  sent  directly  to: 

Commander  and  Director 

U.S.  Army  Coastal  Engineering  Research  Center 

Kingman  Building 

Fort  BeLvolr,  VA  72060 
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An  RFP  is  a  request  for  proposals,  issued  by  CERC,  which  addresses  a  topic 
of  specific  interest  to  CERC.  To  receive  copies  of  future  RFP's,  a  copy  of 
Standard  Form  254  (Architect-Engineer  and  Related  Services  Questionnaire)  roust 
be  submitted  to: 

Commander  and  Director 

Coastal  Engineering  Research  Center 

ATTN:  CERRM-PC 

Kingman  Building 

Fort  Belvoir,  VA  22060 

Please  note  that  it  is  neither  necessary  to  submit  an  unsolicited  proposal 
nor  to  respond  to  an  RFP  in  order  to  use  the  FRF.  Government  agencies  desir¬ 
ing  CERC  funding  should  contact  the  FRF  Chief. 

c.  Liability.  Users  of  the  FRF  are  responsible  for  their  own  liability 
and  will  be  asked  to  sign  a  release  form  (see  App.  A). 

2.  Description  of  the  Area. 

The  FRF  is  located  near  Duck,  North  Carolina,  along  a  100-kilometer  (62 
miles)  unbroken  stretch  of  shoreline  extending  south  from  Rudee  Inlet  to 
Oregon  Inlet.  It  is  bordered  by  the  Atlantic  Ofcean  to  the  east  and  Currituck 
Sound  to  the  west.  An  aerial  view  of  the  area  is  shown  in  Figure  4.  Except 
for  five  fishing  piers  and  the  FRF  pier,  there  are  no  major  coastal  structures 
or  littoral  barriers  along  the  entire  reach. 

This  location,  one  of  12  sites  originally  considered,  was  selected  because 
it  best  satisfied  (but  not  completely)  the  following  list  of  desirable  physi¬ 
cal  characteristics: 

(a)  Sand  size  typical  of  U.S.  coasts  and  sufficient  depth  of  sand 
to  prevent  exposure  of  underlayers; 

(h)  a  wave  climate  and  storm  exposure  representative  of  U.S. 
coasts; 

(c)  regular  offshore  bottom  topography  free  of  features  which  may 
affect  tin  wave  climate; 

(d)  a  tidal  range  of  0.5  to  2.0  meters  (1.5  to  6  feet); 

(e)  a  representative  nearshore  slope  such  that  the  6-meter  depth 
contour  is  not  appreciably  more  than  600  meters  (2,000  feet)  from 
shore; 

(f)  a  straight  coastline  outside  the  range  of  the  effects  of  any 
significant  littoral  barrier; 

(g)  easy  access  by  vehicle; 

(h)  control  of  the  pier  and  surrounding  area  by  CERC  to  avoid 
interruptions  in  research  programs; 

(i)  an  adjacent  sound  or  estuary  area; 

(j)  availability  of  commercial  power  and  communication  facili- 
t  les ; 

(k)  usually  free  of  fog  or  cloud  cover  to  permit  frequent  use  of 
aerial  remote  sensing; 

(l)  a  stable  coastline  (on  a  time  scale  of  50  years);  and 

(in)  natural  dunes. 
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Figure  4.  Aerial  mosaic  and  map  of  pier  site  (numbers  refer  to  profile  line 
locations;  see  Table  4). 
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Figure  4.  Aerial  mosaic  and  map  of  pier  site  (numbers  refer  to  profile  line 
locations;  see  Table  4). — Continued 
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Details  of  the  Duck  site  as  it  pertains  to  these  items  are  discussed  further 
in  this  guide. 


Duck,  North  Carolina,  was  established  in  about  1909,  as  a  small  fishing 
village  with  eel  and  carp  the  predominant  fishery  resources.  When  CERC 
selected  the  Duck  site  in  1972  there  were  relatively  few  homes  in  the  area; 
however,  this  situation  has  changed  considerably.  Duck  has  become  a  popular 
summer  resort,  and  fast-growing  resort  communities  are  located  both  north  and 
south  of  the  area.  The  site  had  also  been  used  previously  by  the  Navy  as  a 

practice  bombing  range.  Although  there  is  evidence  of  the  practice  rounds  of 

ammunition  used  during  that  time,  there  are  no  high  explosives  in  the  area. 

Construction  of  the  FRF  pier  bi  „  an  in  August  1975.  The  pier  was  con¬ 
structed  in  two  phases,  using  a  temporary  second  pier  with  closely  spaced 

bents  (pile  groups  4.9  meters  (16  feet)  apart  with  four  piles  per  bent) 
located  along  the  south  side  of  the  FRF  (Fig.  5).  During  the  first  phase  of 
construction,  183  meters  (600  feet)  of  pier  was  completed  and  the  construction 
pier  was  removed.  The  second  phase  began  in  Marcn  1976  with  the  reconstruc¬ 
tion  of  the  second  pier.  The  entire  FRF  pier  was  completed  by  August  197b, 
and  the  second  pier  was  removed  in  January  1977. 
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Figure  5.  The  FRF  during  construction,  witli  second  pier 
in  foreground. 

3.  FRF  Specifications.- 

A  cross  section  of  the  pier  is  shown  in  Figure  b.  The  5bl.  1-meter-long 
(1,840.9  feet)  pier  is  a  reinforced  concrete  structure  supported  on  concrete- 
filled  steel  pilings  spaced  12.2  meters  (40  feet)  on  center  along  the  pier 
length  and  4.6  meters  (15  feet)  on  center  across  the  width  (Fig.  5).  Inshore 
bents  (numbered  6  to  20)  are  supported  on  76-centiraeter-diameter  (30  inches) 
piles;  the  outer  piles  (bents  21  to  52)  are  91  centimeters  (3b  inches!  in 
diameter.  The  piles  are  embedded  about  15  to  18  meters  (50  to  bO  feet)  into 
the  ocean  bottom.  Concrete  erosion  collars  120  and  137  centimeters  (48  and  54 
inches)  in  diameter,  protect  the  pilings  trom  sand  abrasion,  and  a  cathodic 
system  provides  protection  trom  corrosion.  The  pier  deck  is  b.l  meters  (20 
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feet)  wide,  extends  from  behind  the  dune  line  to  about  the  6-meter  depth  con¬ 
tour,  and  is  7.7  meters  (25.4  feet)  above  mean  sea  level  (MSL).  One  set  of 
railroad  rails,  3.1  meters  (10  feet)  apart  and  extending  from  the  garage  of 
the  laboratory  building  to  the  end  of  the  pier,  is  used  to  transport  heavy 
loads.  Instrumentation  cables  run  the  length  of  the  pier  in  a  trough  along 
the  north  side  of  the  deck.  Outlet  boxes  for  both  220  and  115  volt  power  are 
located  at  12-meter  (40  feet)  intervals  along  the  south  side.  Removable  grat¬ 
ings  in  the  pier  deck  can  be  used  for  lowering  instrumentation.  There  are  two 
telephones  on  the  pier — one  at  the  end  and  one  midway. 

Locations  on  the  pier  are  referenced  by  distance  in  feet  from  a  monuraented 
base  line  located  landward  of  the  laboratory  and  perpendicular  to  the  pier 
centerline;  e.g.,  the  end  of  the  pier  is  at  station  19+40  (see  Fig.  5)  and  the 
midpier  telephone  is  at  station  10+80. 

Five  steel  piles  (o.d.  6-5/8  inches)  suitable  for  mounting  instrumentation 
are  located  midway  between  the  piles  at  stations  7+00,  7+80,  9+00,  10+60,  and 
14+20.  These  piles  extend  from  the  pier  deck  to  the  sea  bottom. 


The  laboratory  building  includes  offices,  a  kitchen,  a  library,  a  computer 
center,  a  garage,  and  a  diving  locker.  The  computer  center  (Fig.  7)  houses  a 
Data  General  NOVA-4  minicomputer.  An  emergency  generator  provides  backup 
power  for  lighting  and  data  collection  equipment.  The  roof  of  the  building 
provides  a  flat  observation  deck  with  an  elevation  of  12.4  meters  (40.8  feet) 
above  MSL. 
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II.  LOCAL  INFORMATION 


This  section  addresses  both  the  available  research  support  and  the  living 
accommodations.  Please  note  that  much  of  the  information  has  been  obtained 
from  the  local  telephone  directory,  the  Dare  County  Tourist  Bureau,  and  the 
Outer  Banks  Chamber  of  Commerce,  and  that  CERC  does  not  endorse  any  of  the 
businesses  listed. 

1.  Research  Support. 

The  FRF  staff  of  10  includes  the  Chief,  3  scientists,  A  technicians,  a 
computer  operator,  and  a  secretary.  Requests  for  personnel  assistance  should 
be  directed  to  the  FRF  Chief.  The  use  of  FRF  personnel  will  require 
reimbursement  of  salaries  and  overhead. 


a.  Hours  of  Operation.  Normal  hours  of  operation  of  the  FRF  are  from 
0700  to  1700  weekdays.  Special  arrangements  can  be  made  for  extended  hours 
(including  round  the  clock)  and  for  weekends, 

b.  Laboratory  Space.  A  50-  by  1 ' *  • '  .  c  j  by  3  meters)  trailer  with 

electricity,  heat,  and  air-conditioning  •  r. .  *  j r)  is  available  to  visiting 
scientists.  An  effort  will  also  be  made  -  cmmodate  sensitive  instruments 
and  recording  or  computing  equipment  1  ..•*  the  laboratory.  Nearby  rental 

cottages  may  provide  adequate  temporary  s-p.i'.e.  Free  laboratory  space  is 
available  at  the  North  Carolina  Marine  Resources  Center  in  Manteo,  North 

Carolina  (see  Fig.  8),  located  54  kilometers  (34  miles)  from  the  FRF.  For 

further  information  contact: 

Director 

North  Carolina  Marine  Resources  Center 
Manteo,  NC  27954 
(919)  473-3493 

c.  Airports  and  Plane  Rentals.  The  nearest  major  airport  is  in  Norfolk, 

Virginia,  approximately  113  kilometers  (70  miles)  from  the  facility.  Manteo 
Airport,  the  nearest  local  airport,  has  commuting  service  to  Norfolk  (Fig.  8). 
Facilities  include  aviation  gas,  keyed  lighting  for  night  flights,  and  ADF 
approach  (refer  to  Charlotte  Sectional).  Aircraft  can  also  land  at  First 

Flight  Air  Strip  located  in  Kill  Devil  Hills  just  23  kilometers  (14.5  miles) 
south  of  the  FRF  (Fig.  8).  Ground  time  is  limited  to  24  hours  and  the  only 
accommodation  is  a  telephone  booth.  With  prior  approval  from  the  FRF,  heli¬ 
copters  may  land  at  the  pier  site.  Local  charter  air  service  is  available 
f  cam : 

(1)  First  Flight  Air  Service,  Inc. 

Manteo  Airport 

Manteo,  NC  27954 
(919)  473-3000 

(2)  Kitty  Hawk  Aero  Tours 
Nags  Head,  NC  27954 
(9 19)  441-6247 
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Figure  8.  Map  of  Local  area  (modified  from  U.S.  Geological  Survey,  USGS,  maps 
NJ  18-8,  -11;  Nl  18-2). 
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d.  Vehicle  Use  and  Rentals.  Vehicles  with  an  axle  width  less  than  3. 1 
meters  and  a  weight  under  900  kilograms  (2,000  pounds)  per  wheel  may  be  driven 
on  the  pier  with  permission  of  the  FRF  Chief.  Beach  access  is  provided  just 
south  of  the  pier.  To  minimize  any  adverse  effects  to  the  beach,  all  dune  and 
beach  vehicular  traffic  is  restricted  to  permanent  trails.  During  special 
studies  or  experiments,  vehicular  traffic  will  be  detoured  off  the  beach  and 
around  the  property.  Beach  travel  in  Dare  County  is  prohibited  from  Memorial 
Day  to  Labor  Day.  Rental  automobiles  are  available  at  the  Norfolk  Airport, 
and  may  also  be  obtained  at  the  Manteo  Airport  by  contacting: 

First  Flight  Air  Service,  Inc. 

Manteo  Airport 
Manteo,  NC  27954 
(919)  473-3000 

Between  15  May  and  15  November  it  is  also  possible  to  obtain  rental  cars  at 
the  First  Flight  Air  Strip  in  Kill  Devil  Hills  by  contacting: 

National  Car  Rental  System 
Kill  Devil  Hills,  NC  27948 
(919)  441-5488 

e.  Boats.  Except  under  special  circumstances,  visiting  scientists  should 
plan  to  provide  their  own  boats.  Small  boats  for  ocean  use  must  be  launched 
from  the  shore.  Larger  boats  must  use  Uregon  Inlet,  5b  Kilometers  (35  miles) 
south  of  the  facility.  A  boat  ramp  for  Currituck  Sound  is  located  about  1.6 
kilometers  fi  mile)  south  of  the  FRF.  Large  charter  boats  are  available,  and 
arrangements  may  be  made  by  contacting: 

Oregon  Inlet  Fishing  Center 
Box  533 

Manteo,  NC  27954 
(919)  441-6301 

f.  Scuba  Diving.  All  nongovernment  scuba  diving  at  the  pier  must  comply 
with  OSHA  Commercial  Diving  Regulation  (Department  of  Labor,  1977).  Copies  of 
the  regulation  may  be  obtained  from  the  Diving  Officer  at  the  FRF.  Divers  are 
required  to  sign  a  statement  that  they  have  read  this  regulation  and  are  in 
compliance.  Specialized  equipment  required  by  the  regulation  (e.g.,  first  aid 
kit,  resuscitator)  is  available  at  the  FRF. 

Before  diving  permission  at  the  pier  is  granted,  a  written  dive  plan  (see 
sample  in  App.  B)  must  be  submitted  2  weeks  in  advance  to  the  FRF  Diving 
Officer  for  approval.  Only  no-decompression  diving  is  permitted.  in  addi¬ 
tion,  the  FRF  Diving  Officer  or  his  assistant  may  cancel  any  diving  activity 
if  conditions  warrant  doing  so. 

Diving  conditions  around  the  FRF  vary  considerably.  Visibility  ranges 
from  0  to  6  meters  with  marginal  visibility  being  the  norm.  Monthly  mean 
water  temperatures  range  from  a  mean  of  4.4°  Celsius  (40°  Fahrenheit)  in  Feb¬ 
ruary  to  24.3°  Celsius  (75.7°  Fahrenheit)  in  July  (based  on  daily  measurements 
from  I960  to  19bb  at  Virginia  Beach,  Virginia).  Environmental  conditions  are 
discussed  further  in  Section  IV.  Although  ladders  are  planned,  there  is  cur¬ 
rently  no  way  for  divers  to  enter  or  leave  the  water  from  the  pier. 
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g»  Onsite  Data  Processing.  The  FRF  is  equipped  with  an  onsite  Data 
General  NOVA-4  minicomputer  with  the  primary  function  of  collecting,  editing, 
and  analyzing  the  environmental  measurements  routinely  collected.  This  com¬ 
puter  has  the  capacity  to  handle  64  channels  of  analog-digital  data.  While 
this  computer  will  not  normally  be  available  to  outside  users,  it  will  be  used 
to  obtain  near  real-time  analysis  of  the  basic  environmental  measurements. 
This  will  permit  users  to  obtain  required  data  summaries  while  their  experi¬ 
ment  is  underway. 

Provisions  have  been  made  for  users  to  record  the  output  signal  of  a  par¬ 
ticular  CERC  gage  or  instrument.  It  may  also  be  possible  to  have  a  special 
magnetic  tape  created  of  the  data  from  one  or  a  number  of  the  CERC  sensors. 
As  mentioned  previously,  accommodations  will  be  made  (space  permitting)  for 
sensitive  instruments  inside  the  laboratory  building.  If  a  long  period  of 
recording  of  a  special  instrument  is  required,  it  may  be  possible  to  obtain  a 
channel  in  the  NOVA-4.  For  additional  information  concerning  the  use  of  data 
collection  equipment  at  the  FRF,  contact  the  FRF  Chief. 

2.  Living  Accommodations. 

Because  of  the  resort  nature  of  the  area,  it  is  important  when  planning  an 
experiment  to  arrange  for  accommodations  as  early  as  possible,  particularly 
for  the  months  of  June,  July,  and  August.  There  are  sufficient  year-round 
facilities  (hotels,  restaurants,  shopping  centers)  in  the  area  to  accommodate 
any  size  group  and  budget.  Table  1  summarizes  some  basic  detils  about  the  20 
motels  closest  to  the  FRF.  The  milepost  values  given  in  the  table  refer  to 
the  local  reference  system  shown  in  Figure  8.  Milepost  1  is  the  point  where 
route  158  divides  into  158-Business,  which  follows  along  the  ocean,  and  158- 
Bypass.  Table  2  is  a  partial  list  of  companies  which  handle  house  rentals. 
Many  of  them  have  brochures  describing  their  listings.  The  nearest  campground 
is  located  1.6  kilometers  south  of  the  FRF.  For  further  information  contact: 

Ocean  Beach  Campground 
Box  223D 

Kitty  Hawk,  NC  27949 
(919)  261-2200 


More  complete  information  on  the  area  facilities  is  available  in  annual 
brochures  published  by: 

(1)  Outer  Banks  Chamber  of  Commerce 
P.0.  Box  90D 

Kitty  Hawk,  NC  27949 

(919)  261-2626  and  (919)  2bl-2033 

(2)  Dare  County  Tourist  Bureau 
P.0.  Box  399 

Manteo,  NC  27954 
(919)  473-2138 


During  the  tourist  season,  the  Outer  Banks  Chamber  of  Commerce  also  operates  a 
vacancy  referral  service  which  identifies  the  motels  with  vacancies. 
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Table  1.  Motels  closest  to  the  FRF. 


Motel  and 

telephone  No. 

Address 1 

Relative 

cost2 

Distance  to 

FRF  (mi) 

Milepost3 

Comment  s4*. 

Sea  Hawk 
(919)  261-2424 

sr- Box  nor 

KlLty  Hawk,  NC 

L-H 

6.6 

i 

CYLTA 

Sea  Kove  Morel 
(919)  2ol-9771 

Box  1 68 B 

KLtLy  Hawk,  NC 

L-M 

7,8 

3 

SCLTA 

The  Buccaneer 
(919)  261-2030 

SR- Box  S3 

Kitty  Hawk,  NC 

L-M 

10.1 

5.25 

SCYLTA 

Bel  Air  Motel 
(919)  441-6132 

Box  37T 

Kill  Devil  Hills,  NC 

M-i! 

10.6 

5.8 

SCLTA 

Tan-A-Rama  Motel 
(919)  441-7315 

Rox  132ST 

Kill  Devil  Hills,  NC 

H-E 

11.1 

6.5 

SCLTA 

Kill  Devil  Minor 
(919)  441-5356 

Route  1,  Box  418 

Kill  Devil  Hills,  NC 

M-H 

11.2 

6.5 

CYLTA 

Mariner  Motel 
(919)  441-7255 

Box  407T 

Kill  Devil  Hills,  NC 

H-E 

11.8 

7 

SCLTA 

Sea  Ranch  Motel 
(919)  441-7126 

Box  033T 

Kill  Devil  Hills,  NC 

H-r. 

11.8 

7 

SCYLKTA 

Net tic  wood  Motel 
(919)  441-5039 

Box  307 

Kill  Devil  Hills,  NC 

L-M 

11.9 

7 

CYLTA 

Chart  House  Motel 
(919)  441-7418 

Box  432T 

Kill  Devil  Hills,  NC 

M-H 

11.9 

7 

SCLTA 

The  Croat  an  Inn 
(919)  441-7232 

Kill  Devil  Hills,  NC 

L-ll 

12.5 

7.5 

LRTA 

Colony  IV  Motel 
(919)  441-5581 

Box  28  7  R 

Kill  Devil  Hills,  NC 

H-E 

13.6 

8.5 

SCYLTA 

The  Cavalier 
(919)  441-5584 

Box  38 S 

Kill  Devil  Hills,  NC 

L-ll 

13.6 

8.5 

SCYLTA 

First  Flight  Inn 
(919)  441-5007 

Box  698 

Kill  Devil  Hills,  NC 

M-H 

13.8 

9 

SCLTA 

Holiday  Inn 
(919)  441-6333 

Box  30 8T 

Kill  Devil  Hills,  NC 

H-E 

14.6 

10 

SCYLRTA 

Outer  Banks 

Motor  Lodge 
(919)  441-7404 

Box  747T 

Nags  Head,  NC 

M-E 

14.6 

10 

SCLTA 

Ocean  House  Motel 
(919)  441-7328 

Box  12 

Kill  Devil  Hills,  NC 

M-E 

14.7 

10 

SLTA 

John  Yancey 

Motor  Inn 
(919)  441-7141 

Box  4221) 

Kill  Devil  Hills,  NC 

M-H 

14.8 

10 

SCYLTA 

Carol  Ini  an 
(919)  441- 7171 

Box  370 

Nags  Head,  NC 

M-H 

15.3 

10.5 

SYLRTA 

Cabana  Motel 

(919)  441-7106 

Box  %9T 

Nag;.  Head,  NC 

— 

15.9 

11 

SCYLRTA 

1 A1 1  root  Is  art*  locvlid  along  route  138-Business.  Zip  codes  include:  Kitty  Hawk, 
27949;  Kill  Devil  Hills,  27948;  Nags  Hoad,  27939. 

2L,  low;  M,  moderate;  H,  high;  K,  expensive. 

3  Rulers  lo  reference  system  in  Figure  G. 


Vi,  : winding  pool;  C,  cooking; 
R,  rvt'l  aurant;  T,  television;  A, 


Y,  open  all  year; 
air-eondit loned. 


low  offseason  rates; 
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Table  2.  Rental  companies.1 


'Till a  alphabetical  list  of  1 1  < i-d  rental  agents  Is  taken  from  the 
1 U 7‘>  Dare  Coimi  y  and  Outer  Banks  Chamber  of  Commerce  Accommodation 
Directories.  I.'ol -all  agents  necessarily  have  rentals  near  the  FRF. 


‘'Zip  codes  Include:  Kitty  Hawk,  2.7949;  Kill  Devil  Hills,  27948; 
Nags  Head,  27959. 


III.  BASIC  ENVIRONMENTAL  MEASUREMENTS 


A  variety  of  oceanographic  and  meteorological  instruments  have  been 
installed  at  the  FRF  in  support  of  a  basic  environmental  measurements  program 
established  in  late  1977  to  collect  data  on  local  conditions.  The  program 
consists  of  daily  measurements  of  wave,  current,  water  level,  water  tempera¬ 
ture  and  salinity,  wind  and  weather  conditions,  quarterly  aerial  photographic 
missions,  and  periodic  beach  and  bathymetric  surveys.  In  addition,  daily 
photos  and  visual  observations  and  weekly  bottom  surveys  along  the  pier  are 
collected.  The  data  are  available  to  anyone  interested  and  may  be  obtained  by 
writing  to: 

U.S.  Army  Coastal  Engineering  Research  Center 
Technical  Information  Division 

Coastal  Engineering  Information  and  Analysis  Center  (CEKTI-CEJ 

Kingman  Building 

Fort  Belvoir,  VA  22060 

The  requestor  will  be  responsible  for  reproduction  and  mailing  costs;  requests 
should  be  specific.  Questions  may  be  directed  to  the  Technical  Information 
Division  by  telephoning  (202)  325-7386.  Monthly  data  reports,  starting  with 
October  1980,  are  available  the  month  following  collection.  Annual  reports 
summarizing  a  year  of  data  collection  will  also  be  prepared.  Near  real-time 
data  summaries  will  be  available  to  researchers  working  at  the  FRF.  Miller 
(1980)  describes  the  instrumentation  at  the  FRF. 

1.  Instrumentation. 


Table  3  summarizes  the  instrument  installations  presently  included  in  the 
measurement  program;  locations  are  shown  in  Figure  9.  Of  particular  interest 
is  the  X-band  radar  used  to  obtain  wave  directions.  The  radar  unit  is  located 
on  the  laboratory  roof.  Details  of  the  system  are  reported  by  Mattie  and 
Harris  (1979). 

Not  included  in  Table  3  is  an  Sxy  gage  installed  by  Scripps  Institute  of 
Oceanography  in  September  1980.  It  consists  of  a  four  pressure-gage  array 
capable  of  measuring  near  real-time  directional  wave  spectra.  The  data  and 
analysis  are  available  interactively  via  a  computer  terminal  and  in  monthly 
data  reports. 

The  visual  observation  program  consists  of  data  collected  daily  at  the 
pier  end,  pier  nearshore,  and  on  the  beach.  These  observations  supplement  the 
instrument  records  by  providing  information  on  the  type  of  breaker,  direction 
of  wave  approach,  width  of  the  surf  zone,  littoral  currents,  beach  slope,  the 
presence  of  rip  currents,  water  quality,  and  prevailing  weather  conditions. 


Lead-line  surveys  are  made  weekly  along  both  the  north  and  south  sides  of 
the  pier,  using  a  graduated  surveying  tape  with  a  5-pound  weight  attached. 
The  same  positions  along  the  pier  are  measured  midway  between  the  pier  bents, 
to  minimize  the  effect  of  the  scour  around  the  pilings.  Periodic  surveys  to  a 
depth  of  9  meters  are  also  made  of  profile  lines  located  approximately  500 
meters  north  and  south  of  the  pier. 
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Figure  9.  Instrument  locations  at  the  FRF 


2.  Surveying  Control. 

a.  Local  Control.  There  is  extensive  monumentation  on  both  the  sound  and 
ocean  sides  of  the  FRF  site  (Fig.  10).  Large-scale  versions  of  Figure  10  with 
complete  monumentation  are  available  from  the  FRF.  The  primary  oceanside  mon¬ 
uments  are  along  a  base  line  located  landward  of  the  laboratory  and  perpendic¬ 
ular  to  the  pier  centerline.  U.S.  Army  Engineer  District,  Wilmington  (SAW), 
has  established  a  series  of  concrete  monuments  along  this  base  line  at  45.72- 
and  152.4-meter  (150  and  500  feet)  intervals.  Other  monuments  at  varying 
intervals  have  been  established  in  support  of  CERC  beach  and  bathymetric  sur¬ 
veys.  Many  of  the  monuments  along  the  base-line  have  permanent  pipe  monuments 
(front  and  back)  to  define  profile  azimuths  perpendicular  to  the  base  line. 
Table  4  provides  a  summary  of  the  base  line  monumentation  according  to  dis¬ 
tance  along  the  base  line  and  distance  from  the  pier  centerline.  All  these 
have  been  surveyed  to  third-order  accuracy.  Documentation  on  each  monument  is 
available. 

One  concrete  monument  and  two  series  of  profile  lines  have  been  estab¬ 
lished  on  the  sound  side  to  monitor  sound  changes.  Further  details  about 
these  lines  are  given  in  Section  VI. 

A  series  of  very  stable  monuments,  which  will  eventually  be  tied  into 
first-order  control,  has  been  established  by  the  National  Oceanic  and 
Atmospheric  Administration  (N0AA)  in  support  of  the  tide  gaging  program. 
Information  about  these  monuments  is  available  at  FRF. 

Because  of  the  profusion  of  monuments  at  the  FRF,  users  are  requested  to 
use  established  monuments  if  possible.  Temporary  monuments,  stakes,  pipes, 
etc.,  must  be  clearly  labeled  as  to  owner  and  must  be  removed  on  completion  of 
study.  To  ensure  that  valuable  monuments  are  not  removed  or  lost  during 
extended  studies,  the  monuments  should  be  documented  as  to  location,  markings, 
date  of  installation,  etc.,  using  form  DA  1959  (copy  in  App.  C) ;  a  copy  of  the 
form  is  then  given  to  the  FRF  Chief.  Special  care  should  be  taken  to  minimize 
pedestrian  effects  on  the  dune  and  beach. 

b.  Island  Control.  The  CERC  monuments  indicated  in  Table  4  are  part  of 

the  series  of  62  profile  lines  shown  in  Figure  11.  Each  line  has  three  monu¬ 
ments:  a  brass  disk  on  a  concrete  post  and  two  pipes  (front  and  rear)  to 

define  the  profile  azimuth.  Additionally,  third-order  vertical  control  has 
also  been  established  on  each  of  the  five  fishing  piers.  Complete  documenta¬ 
tion  for  the  profile  lines  may  be  obtained  from  the  FRF  Chief.  All  the  lines 
are  on  private  property,  so  written  permission  to  survey  must  be  obtained  in 
advance  from  the  owners.  Data  collected  at  these  lines  under  CEKC's  Beach 

Evaluation  Program  (BEP)  from  May  1974  to  January  1977  are  discussed  in 
Section  V  and  summarized  in  Section  Vlii. 

3.  Bathymetric  Surveying. 

The  accuracy  of  the  bathymetric  surveys  depends  on  the  survey  metnods 

used.  The  current  procedure  consists  of  dividing  the  survey  lines  into  beach 
and  nearshore  zones. 

The  area  from  the  beach  to  the  9-meter  (30  feet)  contour  is  surveyed  using 
the  innovative  three-legged  vehicle,  the  Coastal  Research  Amphibious  Buggy 
(CRAB),  shown  in  Figure  12.  Designed  and  constructed  by  the  Wilmington 
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Figure  10.  Map  of  FRF  site  showing  location  of  primary  survey  monuments 
Large-scale  copies  with  more  complete  documentation  are  available 
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Table  4.  FRF  base-line  monumentation, 


Profile 

Pre-1980 

Distance  along 

Distance  from 

Elevation 

No. 

designation 

base  line  (ft)* 

i  of  pier  (ft)2 

NGVD  (ft) 

A 

CERC  3 
CERC  4 
CERC  5 
CERC  6 
SAW  33+90.05 
SAW  33+00 
SAW  31+50 
SAW  30+00 
SAW  28+50 
CERC  7 
SAW  27+00 
SAW  25+50 
SAW  25+00 
CERC  8 
SAW  24+00 
CERC  9 
SAW  22+50 
CERC  10 
CERC  11 
CERC  12 
CERC  13 
SAW  21+00 
CERC  14 
CERC  15 
SAW  20+00 
SAW  19+50 
CERC  16 
SAW  18+00 
B 

CERC  68 
SAW  16+94.98 


10,476.91 

7.163.73 

4.663.73 

3.413.73 
3,390.05 
3,300.00 
3,150.00 
3,000.00 
2,850.00 

2.788.73 
2,700.00 
2,550.00 
2,500.00 

2.476.23 
2,400.00 

2.319.98 
2,250.00 
2,241.86 
2,202.80 

2.163.73 
2,124.66 
2,100.00 
2,085.60 
2,007.48 
2,000.00 
1,950.00 

1.851.23 
1,800.00 

1.769.98 
1,725.00 

1.704.98 

1.694.98 


2.5 


8,781.93 

5.468.75 

2.968.75 

1.718.75 
1,695.07 
1,605.02 
1,455.02 
1,305.02 
1,155.02 
1,093.75 
1,005.02 

-855.02 

-305.02 

-781.25 

-705.02 

-625.00 

-555.02 

-546.88 

-507.82 

-468.75 

-429.58 

-405.02 

-390.62 

-312.50 

-305.02 

-255.02 

-156.25 

-105.02 


TabLe  4.  FRF  base-lino  monumentat ion. — Continued 


Prof ile 

No. 

Pre-1980 

designation 

Distance  along 
base  line  (ft)1 

Distance  from 
t  of  pier  ( f  t  )  i 

Elevation 

NGVD  (ft) 

Type  of 
monument3 

166 

CERC  69 

1,684.98 

10.0 

SP 

167 

SAW  16+50 

1,650.00 

44.98 

19.04 

PI 

168 

C 

1 ,619.98 

75.00 

17.55 

P2 

169 

1,575.00 

119.98 

16.65 

PI 

170 

CERC  17 

1,538.73 

156.25 

14.11 

Cl 

171 

SAW  15+00 

1,500.00 

194.98 

15.10 

Cl 

173 

D 

1,375.00 

319.98 

16.97 

P2 

174 

SAW  13s-50 

1,350.00 

344.98 

14.89 

PI 

175 

E 

1,295.00 

399.98 

14.71 

P2 

176 

SAW  12+00 

1,200.00 

494.98 

17.59 

PI 

178 

SAW  10650 

1,050.00 

644.98 

16.15 

PI 

179 

SAW  10+00 

1,000.00 

694.98 

15.70 

C 

180 

CERC  18 

913.73 

781.25 

14.36 

181 

SAW  9+00 

900.00 

794.93 

14.23 

PI 

182 

SAW  7+50 

750.00 

944.98 

lo.24 

PI 

183 

SAW  6+00 

600.00 

1  ,094.98 

14.16 

PI 

184 

SAW  5+00 

500.00 

1,194.98 

13.48 

C 

185 

SAW  4+50 

450.00 

l ,244.98 

14.76 

P) 

186 

SAW  3+00 

300.00 

1,394.98 

15.10 

PI 

187 

SAW  1+50 

150.00 

1,544.98 

14.90 

PI 

188 

SAW  0+00 

0.00 

1,894.98 

15.14 

Cl 

190 

CERC  19 

-336.27 

2,031.25 

16.14 

Cl 

200 

CERC  20 

-2,836.27 

4,511.25 

16.05 

Cl 

207 

F 

-5,805  4 

7,500  * 

16.44 

Cl 

220 

CERC  22 

-10,884  4 

12,579 

19.  16 

Cl 

^Distances  given  along  tbe  base  line  are  relative  to  a  monument  on  the 
south  property  line  (positive  to  the  north). 

2Pier  coordinate  system:  positive  distance  seaward  and  to  the  south. 

^Monument  types:  C,  concrete;  Cl,  concrete  with  front  and  rear  pipes; 
I),  monument  destroyed;  NP,  north  pier  edge;  Pi,  capped  pipe  with  front 
and  rear  pipes;  P2,  pipe  with  front  pipe  only;  SP,  south  pier  edge. 

‘‘Monument  not  on  base  line;  distance  approximate. 

^Monument  buried. 


n 


Figure  12.  Coastal  Research  Amphibious  Buggy  (CRAB) 


District  for  nearshore  surveying,  the  CRAB  provides  a  stable  platform  in  wave 
heights  up  to  1.8  meters  (b  feet).  Top  speed  is  3  kilometers  (2  miles)  per 
hour.  Position  and  elevation  are  determined  by  targeting  a  prism  mounted  on 
the  CRAB  with  an  electronic  survey  system  which  also  produces  computer  compat¬ 
ible  data. 

Surveying  of  the  beach  from  the  base  line  to  the  water  line  is  done  using 
the  same  system  but  using  a  person  holding  a  prist  at  each  survey  point. 

Pre-1981  surveys  used  more  conventional  surveying  procedures.  Generally, 
a  sea  sled  or  fathometer  was  used  for  the  nearshore  (out  to  700  meters)  and  a 
fathometer  for  the  offshore  (out  to  3,000  meters). 


IV.  ENVIRONMENTAL  CHARACTERISTICS 


This  section  summarizes  available  environmental  data  and  information  use¬ 
ful  for  planning  studies  at  the  FRF. 

1 .  General  Weather. 

The  FRF  has  a  favorable  marine  climate  with  mild  winters  and  warm  temper¬ 
ate  summers.  The  nearest  weather  stations  with  long  periods  of  record  are 
Cape  Hatteras,  North  Carolina,  and  Norfolk,  Virginia.  Table  5  provides  a  NOAA 
summary  of  the  normal,  mean,  and  extreme  meteorological  data  for  each  of  these 
stations.  More  detailed  information  including  monthly  summaries  and  three- 
hourly  measurements  can  be  obtained  from: 

Environmental  Data  and  Information  Service 
The  National  Climatic  Center 
Federal  Building 
Asheville,  NC  28801 

Figure  13  is  a  plot  of  monthly  wind  roses  compiled  from  1,853  observations 
at  Sea  Crest,  North  Carolina,  5  kilometers  (3  miles)  south  of  the  FRF  (see 
Fig.  1),  using  a  hand-held  Dwyer  wind  meter,  from  January  1972  to  December 
1978.  Note  the  predominant  winds  from  the  northeast  and  southwest  with  the 
highest  percentage  of  strong  winds  from  the  north  and  northeast.  Wind  distri¬ 
bution  varies  considerably  from  month  to  month. 

2.  Waves. 

a.  Ocean.  Thompson  (1977)  summarized  the  wave  climate  for  the  area  using 
measurements  collected  by  a  wave  gage  on  Jennette's  Fishing  Pier  (Fig.  11) 
from  December  1968  to  January  1975.  This  data  set  has  been  updated  to  include 
measurements  to  December  1979. 

Figure  l  A  shows  the  seasonal  variation  in  mean  and  standard  deviation  of 
the  monthly  wave  height  and  period.  Peak  waves  occur  in  October  and  February. 
Joint  monthly  distributions  of  significant  wave  height  and  period  distribu¬ 
tions  are  given  in  Appendix  D.  Table  6  is  a  summary  of  the  distribution  for 
the  entire  period,  indicating  the  mean  average  wave  height  is  0.88  meter  (2.9 
feet)  and  the  mean  period  is  8.9  seconds.  Higher  waves  have  been  measured  in 
the  deeper  water  at  the  FRF.  Figure  15  shows  wave  action  during  an  October 
1980  storm  when  the  significant  wave  height  reached  3.8  meters  (12.5  feetl. 
Measurements  have  also  been  made  of  breaking  waves.  Average  monthly  values 
for  7  years  of  observations  at  Sea  Crest  are  shown  in  Figure  16. 

The  only  historic  wave  direction  information  available  is  taken  from  LEO 
observations.  Wave  roses  are  shown  in  Figure  17.  Predominant  wave  directions 
are  shore  normal  (90°)  and  just  right  of  shore  normal  (90°  to  95°).  Waves 
tend  to  approach  the  shore  from  the  right  in  summer  and  from  the  left  in  the 
winter. 

b.  Sound.  Because  of  the  limited  fetch  across  Currituck  Sound,  waves  on 
the  sound  shore  are  usually  an  irregular  chop  of  less  than  15  centimeters  (0.5 
foot).  The  average  fetch  is  7.3  kilometers  (A. A  miles);  the  longest  fetch  is 
8.9  kilometers  (5.3  miles).  The  sound  is  extremely  shallow  and  gently  sloping 
(less  than  1  percent).  The  deepest  areas,  which  average  only  2.7  meters  (9 
feet)  in  depth,  are  on  the  western  shore.  Wave  heights  and  setup  during 
extreme  events  have  not  been  documented. 
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Figure  15.  Storm  waves  breaking  a  Long  the  HKK,  25  October  198U. 


Figure  16.  Seasonal  variation  in  visually  observed  mean  breaking  wave 
height  and  mean  period  from  Sea  Orest,  North  Carolina  (.July 
1972  to  December  1978,  1,855  observations). 
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3.  Currents. 

Visual  observations  of  longshore  currents  have  been  made  at  bca  C-est  (.see 
Fig.  1)  since  1972  by  timing  the  movement  of  floating  foam  in  the  surf  zone. 
A  sample  year  of  data  (19731  is  plotted  in  Figure  lb.  Although  reversals  are 
common,  the  mean  current  from  July  1972  to  December  1978  was  to  the  north. 
This  is  in  contrast  to  the  predicted  direction  of  longshore  transport,  based 
on  the  visual  wave  data,  which  was  predominantly  to  the  south  (see  8ec. 
IV, 5).  Other  currents  which  affect  the  area  are  rip  currents,  low  salinity 
water  masses,  and  Gulf  Stream  eddies. 

Rip  currents  are  frequently  found  at  varying  locations  including  under  the 
pier.  The  low-salinity  water  masses,  believed  to  originate  in  the  Chesapeake 
Bay,  are  huge  slugs  ot  lower  salinity  water  which  move  southward  along  the 
shore  at  an  estimated  velocity  of  about  0.23  meter  (0.75  toot)  per  second. 
The  edge  is  clearly  discernible  by  both  water  color  and  turbulence.  Two  views 
of  the  phenomena  are  shown  in  Figure  19.  Warm,  clear  water  masses  presumably 
resulting  from  Gulf  Stream  eddies  have  also  been  observed.  These  masses 
sometimes  have  a  loam- line  edge  and  can  contain  tropical  fish. 


Longshure  cu 


Two  views  of  southward-moving  edge  of  fresh¬ 
water  mass.  Photos  taken  from  a  point  south 
of  Carol  la.  North  Carolina. 


4.  Storms 


The  area  is  affected  by  both  extratropical  (northeasters)  and  tropical 
(hurricanes)  cyclones.  Bosserman  and  Dolan  (1968),  who  examined  the  intensity 
and  frequency  of  extraptropical  storms  affecting  North  Carolina,  classified 
857  storms  according  to  the  10  tracks  shown  in  Figure  20;  note  that  seven  of 
the  tracks  pass  the  FRF  site.  The  most  damaging  storms  follow  the  three 
widest  arrows  (2,  3,  and  4).  The  severest  situation  occurs  when  the  movement 
of  a  track  2  storm  is  slowed  by  a  blocking  high-pressure  system  to  the  north. 
This  occurred  during  the  Creat  East  Coast  Storm  of  March  1962  and  resulted  in 
strong  northeasterly  winds  of  long  duration  over  a  long  fetch. 


Figure  20.  Storm  tracks  affecting  the  east  coast 
(from  Basserman  and  Dolan,  1968). 

Storm  occurrence  prediction  is  somewhat  difficult  since  eye  logo nos  is 
(storm  formation)  frequently  occurs  offshore  of  Gape  liatteras.  Bosserman  and 
Dolan  (  1968)  found  that  about  19  percent  of  all  storms  affecting  the  Outer 
Banks  develop  in  this  manner.  They  also  hindcasted  wave  heights  for  each 
storm  studied.  Storm  frequencies  (all  tracks)  by  wave  height  and  month  .ire 
summarized  in  Table  7  and  are  shown  in  Figure  21. 

Between  1901  and  1926,  31  hurricanes  at  full  strength  made  either  landfall 
along  coastal  North  Carolina  or  passed  close  enough  to  affect  the  area  (Baker, 
1978).  The  frequency  of  occurrence  oi  these  hurricanes  varies  considerably 
(Fig.  22).  The  area  between  Cape  liatteras  and  Cape  Lookout  has  the  highest 
hurricane  occurrence  while  the  area  around  the  FRF  has  the  lowest  with  a 
hurricane  reaching  the  area  once  every  42  years.  Tracks  of  historic  hurri¬ 
canes  passing  within  50  nautical  miles  (90  kilometers)  of  the  FRF  are  shown  in 
Figure  23  (Ho  and  Tracey,  1975). 
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Storm  Frequency  (Pet  of  All  Storms) 


.6  -  2.4  m 


2.4  -  3.4m 


3.4  -  4.3m 


July  Aug.  Sept.  Oct.  Nov.  Dec.  Jon.  Feb.  Mor.  Apr.  May  June  July 


Vigure  21.  Monthly  storm  frequency  and  hindcasted  wave  height,  based  on  a 
total  of  857  storms  (adapted  from  Basserman  and  Dolan,  19b8). 


tatistics  for  North  Carolina  (adapted  from  Baker,  1973) 
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Miller  (1980)  examined  the  duration  of  storms  using  measurements  from  the 
CERC  Nags  Head  wave  gage.  He  defined  a  storm  as  an  event  which  caused  the 
measured  wave  height  to  exceed  a  critical  height  equal  to  the  sum  of  the 
annual  mean  significant  wave  height  (0.88  meter)  and  one  standard  deviation 
(0.49  meter).  This  definition  was  used  to  compute  Figure  24  which  indicates 
35  percent  of  all  storms  were  of  1-day  duration  or  longer  while  only  1  percent 
exceeded  6.8  days. 


Probability 

Figure  24.  Storm  duration  probability  based  on  wave  data  recorded 
by  the  CERC  gage  at  Nags  Head,  North  Carolina. 


5.  Sediment  Transport. 


The  net  longshore  transport  direction  along  the  northern  Outer  Banks  has 
been  reported  as  toward  both  the  north  (Eangfelder,  Stafford,  and  Amein,  1968) 
and  the  south  (Goldsmith,  Sturm,  and  Thomas,  1977).  Jarrett  (1978)  determined 
a  net  southerly  transport  along  the  beaches  north  of  Oregon  Inlet. 


Although  a  detailed  sediment  budget  has  not  been  prepared  for  the  FRF 
area,  the  longshore  sediment  transport  rates  can  be  estimated  based  on  the 
visual  observations  of  wave  height  and  direction  given  in  Section  IV, 2. 


Average  monthly  and  annual  predicted  transport  r  tes  based  on  the  method 
recommended  in  the  Shore  Protection  Manual  (SPM)  (U.S.  Army,  Corps  of  Engi¬ 
neers,  Coastal  Engineering  Research  Center,  1977)  are  given  in  Table  8.  Note 
that  the  values  use  a  dimensionless  proportionality  constant,  k,  equal  to 
one.  Generally  accepted  values  of  this  constant  are  given  at  the  end  of  the 
t able.  Annual  and  seasonal  variations  in  net  transport,  based  on  the  propor- 
•  :  u- 1 1  i  t v  constant,  are  shown  in  Figure  25. 
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Figure  2b.  Potential  net  transport  versus  time,  based  on  visual  wave  observations  at  Sea  Crest 
North  Carolina  (k  =  1.0). 


Using  a  proportionality  value  of  0.77  (Komar  and  Inman,  1970),  the  esti¬ 
mated  gross  transport  at  Sea  Crest  is  1,583,400  cubic  meters  (2,071,000  cubic 
yards)  per  year.  The  predicted  net  transport  is  to  the  south  with  a  north-to- 
south  transport  ratio  of  0.43.  The  annual  net  transport  to  the  south  at  Sea 
Crest  is  estimated  at  625,000  cubic  meters  (822,000  cubic  yards)  per  year. 

6.  Tides  and  Sea  Level  Rise. 

Ocean  tides  are  semidiurnal  with  a  spring  range  of  1.1b  meters  (3.8  feet) 
and  a  mean  range  of  0.97  meter  (3.2  feet).  Water  levels  in  Currituck  Sound 
are  wind-dominated:  high  during  periods  of  southwest  winds,  low  during  north¬ 
east  winds.  Mean  water  level  in  the  sound  is  about  0.27  meter  (0.1  foot) 
above  MSL.  Normal  wind-induced  setup  is  about  0.6  meter  (2  feet)  and  setdown 
is  -0.2  meter  (-0.7  foot). 

Ho  and  Tracey  (1975)  investigated  the  frequency  and  magnitude  of  storm 
tides  for  the  northern  North  Carolina  coast.  Their  results  for  10-,  :>U-, 

100- ,  and  500-year  return  period  storms  are  shown  in  Figure  26.  Note  that  at 
the  Wright  Monument,  23  kilometers  south  of  the  FRF,  the  expected  100-year 
surge  height  is  2.77  meters.  Tide  frequencies  )or  several  classes  of  storms 
are  shown  in  Figure  27. 
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Figure  27.  Tide  frequencies  at  Wright  Monument,  North  Carolina, 
for  the  following  classes  of  storms:  (a)  landfalling, 

(b)  alongshore,  (c)  inland,  (d)  exiting  hurricanes  and 
tropical  storms,  (e)  winter  storms,  (f)  all  storms 
(from  ho  and  Tracey,  1975). 

Hicks  (1981)  examined  the  recent  rate  of  sea  level  rise  for  a  number 
of  east,  gulf,  and  west  coast  beaches.  For  the  closest  station  to  the  FRF, 
Hampton  Roads,  Virginia  (near  the  mouth  of  the  Chesapeake  bay),  Hicks  calcu¬ 
lated  a  rate  of  sea  level  rise  equal  to  0.4411  centimeter  (0.0144  foot)  per 
year  based  on  the  period  1928  to  1978. 

7 .  Surface  Water  Temperatures. 


Table  9  gives  monthly  mean  surface  water  temperatures  at  Virginia  beach 
based  on  observations  between  19b0  and  19bb  (Department  of  Commerce,  19o8). 


Table  9.  Monthly  mean  surface  water  temperatures. 


Month 

°C. 

°F* 

Month 

°C. 

°F. 

January 

5.7 

42 

July 

22.7 

73 

February 

4.4 

40 

August 

23.9 

75 

March 

6.4 

44 

September 

22.5 

72 

April 

10.7 

51 

October 

18. 1 

65 

May 

16.1 

61 

November 

14.1 

57 

-June 

20.3 

69 

December 

8.4 

47 

1  Annual  mean  =  14.4  °C.  (58°F. ). 
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V.  BEACHES  AND  GEOLOGY 


The  FRF,  located  along  a  barrier  spit  forming  the  eastern  edge  of  the 
Coastal  Plain,  is  the  northernmost  part  of  a  complex  series  of  barrier  islands 
which  extend  south  to  Cape  Lookout.  Though  there  are  currently  four  inlets 
along  this  stretch  (Oregon,  Hatteras,  Ocracoke,  Drum),  the  area  is  dynamic  and 
includes  many  relic  inlets  (Fig.  28). 


1.  Origin. 

The  origin  of  this  series  of  barrier  islands  is  both  complex  and  slightly 
controversial.  Judge  (1980)  provides  a  summary  of  the  following  significant 
theories.  De  Beaumont  (1845)  suggested  that  the  islands  formed  by  oar  build¬ 
ing.  Gilbert  (1885)  theorized  that  longshore  drift  and  spit  building  were  the 
primary  cause  of  formation.  Hoyt  (19b7)  postulated  that  rising  sea  levels  (or 
land  submergence)  could  flood  the  flats  behind  the  dunes  and  form  a  long  sub¬ 
aerial  ridge.  Hoyt  and  Henry  (1971)  noted  that  the  capes  coincided  with 
historic  river  deltas  which  were  isolated  by  rising  sea  levels.  Using  strati¬ 
graphic  interpretation  of  core  samples,  Pierce  and  Colquhoun  (1970,  1971) 

found  that  39  percent  of  the  original  200-kilometer  coast  was  primarily  dune 
and  that  the  islands  formed  by  shoreline  submergence.  Field  and  Duane  (197b) 
postulated  that  the  barriers  formed  on  the  Continental  Shelf  during  low  sea 
levels  and  moved  shoreward  under  the  influence  of  sea  level  rise.  Riggs 
(1978)  postulated  that  the  islands  were  formed  by  submergence  and  had  been 
modified  by  coastal  processes  (waves,  tides,  and  currents)  to  form  their 
present  shape  and  alinement. 


The  general  consensus  is  that  the  barrier  islands  are  comprised  of  recent 
(Holocene)  sediments  overlying  Pleistocene  deposits. 


2.  Shoreline  Changes. 

Historically,  the  ocean  shoreline  at  the  FRF  has  been  relatively  stable. 
This  was  documented  by  Wahls  (1973),  ,who  found  a  mean  annual  accretion  rate 
of  0.91  meter  (3  feet)  per  year  for  the  period  1955  to  1971.  More  recently, 
Dolan's  (1979)  analysis  of  shoreline  changes  north  and  south  of  the  FRF  showed 
long-term  stability  from  1940  to  1975  (Fig.  29),  and  overall  erosion  from  1977 
to  1979.  These  results  are  based  on  shoreline  measurements  from  photos  at  50- 
meter  (164  feet)  intervals  over  the  28-kilometer  (45  miles)  reach.  Average 
rates  of  change  are  computed  based  on  the  rates  of  change  for  each  set  of  suc¬ 
cessive  photos.  The  following  sets  of  photos  were  used  in  the  analysis: 


1940  to  1975 
21  October  1940 
29  March  1955 
3  May  1962 
5  September  1975 


1977  to  1979 
2  February  1977 
11  November  1977 
16  May  1978 
2  December  1978 
20  September  1979 


Three  rates  were  averaged  to  compute  the  1940  to  1975  rates;  four  rates  were 
averaged  to  obtain  the  1977  to  1979  rates.  The  air  photo  analysis  procedure 
is  described  in  Dolan,  et  al.  (1979).  Errors  can  be  significant,  and  average 
rates  of  change  less  than  1.0  meter  (3.3  feet)  per  year  over  40  years  are 
difficult  to  measure. 


.(OLD)  CURRITUCK  (1585-1731) 


(NEW)  CURRITUCK  (1713-1828) 
tlMUSKETO  (1585- 1671) 


CARTHYS  (1585-?,  1798- 181  > ) 
also  known  os  Coffeys 


TV 


ROANOKE  (I585-I8M) 

^  OREGON  (1585-1770-1846) 


CHICKINOKE 


NEW  (1708- 1922, 1932- 1945) 
LOGGERHEAD 


CAPE  INLET  (1585- 1 657-  ?) 


stST'  HATTERAS  (1846) 

(OLD)  HATTERAS  (1585-1755) 
jy  ^OCRACOKE  (1585) 

//  WHALEBONE 
jf  SWASH 
f  NEW 
^  NORMANS 
OLD  DRUM 


7  CEDAR  INLET 
8ARDEN  (THE  DRAIN) 


Figure  28.  Present  and  historic  inlets  from  the  Virginia- 
North  Carolina  border  to  Cape  Lookout  (adapted 
from  U.S.  Congress,  1935,  and  Dunbar,  1958). 
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Figure  29.  Average  preconstruction  and  postconstruction  erosion 
rates  for  2b  kilometers  of  shoreline  near  the  FRF. 

Because  long  time  intervals  tend  to  smooth  the  data,  two  different  hori¬ 
zontal  scales  were  used  in  Figure  29.  The  1940  to  1975  data  show  accretion  or 
stability  near  the  FRF  and  erosion  at  the  northern  and  southern  ends  of  the 
study  area.  Between  1977  and  1979,  erosion  predominated  with  only  a  few  areas 
showing  accretion.  Interestingly,  the  area  with  the  most  noticeable  accretion 
is  located  around  Caf fey's  Inlet.  The  area  just  south  of  the  pier  appeared  to 
be  stabLe,  while  peak  erosion  of  17. L  meters  (3b.  1  feet)  per  year  was  found 
lb3  meters  (600  feet)  north  of  the  pier. 

3.  Topography . 

A  contour  map  of  the  FRF  site  is  shown  in  Figure  30.  The  island  is  680 
meters  (2,200  feet)  wide  at  the  FRF  and  is  bordered  on  the  sound  side  by 
a  brackish  water  marsh  (described  in  Section  VI, 6).  The  area  is  typified 
by  dunes  which  reach  heights  of  more  than  14  meters  above  MSL;  the  beach  is 
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backed  by  a  dune  which  reaches  a  height  of  7  meters  (22  feet)  above  MSL. 
Beach  width  varies  but  averages  about  40  meters  (130  feet).  Berms,  with  crest 
elevations  of  2.4  meters  (8  feet),  and  beach  cusps  are  common.  The  beach 
tends  to  be  wider  immediately  south  of  the  pier  than  north  of  it.  Foreshore 
slopes  vary  from  0.023  to  0.345,  averaging  0.108. 

4.  Beach  Changes. 

In  May  1974,  before  the  pier  was  constructed,  CERC  began  surveys  to  wading 
depth  of  the  62  profile  lines  shown  in  Figure  11.  Surveys  were  conductea 
monthly  and  immediately  after  storms.  Thirty-four  profile  lines  (4  to  20  and 
45  to  61)  were  surveyed  daily  for  three  separate  30-day  studies.  The  last 
complete  survey  of  the  62  profile  lines  was  conducted  in  January  1977. 
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Birkemeier  (1979a)  reported  on  short-term  changes  for  profile  lines  1  to  b 
and  18  to  23  (Fig.  31).  For  a  relatively  severe  northeaster,  which  occurred 
2-3  December  1974,  the  average  volume  change  on  the  above  MSL  beach  was  -5.8 
cubic  meters  per  meter  (-2.3  cubic  yards  per  foot).  Prestorm  and  poststorm 
profiles  are  plotted  in  Figure  32.  Note  that  2  of  the  12  profile  lines  (18 
and  22)  gained  sand  as  a  result  of  this  storm.  Significant  wave  heights  of 
2.8  meters  were  recorded  during  the  storm  by  the  CERC  gage  at  Nags  Head. 


Profile 


Figure  31.  Profiles  in  the  vicinity  of  the  FRF  pier. 
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Birkemeier  (1979a)  reported  the  average  monthly  variation  in  mean  shore¬ 
line  position  and  unit  volume  for  the  same  above  MSL  profiles  (see  Figs.  33 
and  34).  These  data  show  no  clear-cut  seasonal  variation.  The  subaerial 
beach  has  the  least  amount  of  sand  during  March  and  December  and  the  greatest 
amount  during  April  and  November.  These  data  do  not  provide  the  below  MSL 
profile  changes. 


Jon.  Feb.  Mar.  Apr.  May  June  July  Aug.  Sept.  Oct.  Nov.  Dec. 

Figure  33.  Monthly  variations  in  mean  profile  volume 
(profile  lines  1  to  6,  18  to  23,  from  May 
1974  to  January  19773 . 
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Jon.  Feb.  Mor.  Apr.  Moy  June  July  Aug.  Sept. Oct.  Nov.  Dec. 


Figure  34.  Monthly  variations  in  mean  shoreline  posi¬ 
tion  (profile  lines  1  to  b,  18  to  23  from 
May  1974  to  January  1977). 

Changes  in  unit  volume  and  MSL  shoreline  position  t rom  May  1974  to  January 
1977  for  each  of  15  profile  lines  are  shown  in  Figures  35  and  3b.  These  fig¬ 
ures  include  Bi rkemeier 's  data  and  additional  data  from  more  closely  spaced 
profile  lines  on  the  FRF  property  (lines  7,  8,  lb,  and  17).  Profile  lines  lb 
and  17  are  located  48  meters  (  1  (»<)  feet)  north  and  south,  respectively,  of  the 
FRF  pier.  Unit  volume  changes  are  referenced  to  the  average  volume  above  MS!. 


bO 


Distance  Between 


Distance  Between  Profiles  (m) 


Shoreline  position  is  referenced  to  the  shoreline  position  of  the  profile 
during  the  first  survey.  A  linear  regression  fit  to  these  data  indicates  that 
on  the  average  the  profile  lines  accreted  at  a  rate  of  3.49  cubic  meters  per 
meter  (1.39  cubic  yards  per  foot)  per  year  and  the  shoreline  advanced  at  a 
rate  of  1.66  meters  (5.4  feet)  per  year  during  this  time  period  (Table  10). 
Only  profile  lines  2,  19,  20,  and  21  underwent  a  net  erosion.  With  the 
exception  of  profile  line  16,  profile  lines  immediately  to  the  north  of  the 
pier  displayed  a  sharp  erosional  trend  during  the  second  phase  of  pier  con¬ 
struction  (March  to  August  1976),  which  reversed  in  September  1976.  Profile 
lines  immediately  to  the  south  of  the  pier  and  profile  line  16  underwent 
general  accretion  during  this  period. 


Table  10.  Kates  of  change  for  profile  lines  in  vicin¬ 
ity  of  the  FRF,  May  1974  to  January  1977. 


Prof  lie 

Distance  from 

MSI.  shoreline 

Above  MSI,  unit 

line  No* 

FRF' 

change ^ 

volume  change^ 

(m) 

(m/yr) 

(in3/m/yr) 

i 

-5,762 

+3.36 

+8.32 

2 

-4,755 

-3.94 

-15.87 

3 

-2,677 

+1 . 58 

+6.47 

4 

-1,667 

+4.19 

+15-10 

5 

-905 

+5.31 

+  14.60 

6 

-524 

+3.57 

+9.88 

7 

-333 

+4.22 

+7.70 

8 

-238 

+3.42 

+  3.26 

16 

-48 

+2.58 

+7.16 

17 

+48 

+9.59 

+  11.29 

18 

+238 

+5.42 

+  10.21 

19 

+619 

+2.40 

-7.63 

20 

+1,381 

-2.  36 

0.00 

21 

+2,753 

-1.46 

-2.87 

22 

+3,834 

+3.97 

+10.43 

23 

+5,039 

+  1.85 

+0.92 

Mean  ( »l  i  • 

!  Tirc-wel  c.htt  il) 

+  1*66 

+3.50 

'Positive  distance  is  south,  negative  nor  lit. 

^Positive  value  indicates  accretion,  negative  erosion. 


5.  Bathymetry. 

Except  immediately  adjacent  to  and  underneath  the  FRF,  bottom  bathymetry 
Is  regular  with  a  mild  offshore  slope.  Offshore  bathymetry  is  shown  in  Figure 
37.  Nearshore  bathymetry,  surveyed  in  November  1981,  is  shown  in  Figure  38. 
A  noticeable  feature  at  the  end  of  the  FRF  is  a  8.0-raeter  (26  feet)  hole, 
slightly  skewed  to  the  south,  which  Is  the  result  of  the  pier’s  effect  on  the 
waves,  currents,  and  bottom  sediment  movements.  Figure  39  shows  the  develop¬ 
ment  sequence  of  this  hole  and  plots  soundings  taken  along  the  FRF  centerline 
from  24  September  1973  to  5  January  1977  (before  and  after  construction). 
Though  the  data  are  incomplete,  between  24  November  1974  and  5  January  1977, 
the  profile  shape  changed  markedly  with  2  to  3  meters  of  scour  along  the  outer 
section  of  the  FRF. 


Figure  39.  Preconstruction  and  postconstruction  surveys  along  the  FRF  centerline  (relative  to  the 
CERC  base  line). 
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Nearshore  changes,  particularly  during  storm  conditions,  can  be  large. 
Weekly  soundings  along  both  sides  of  the  pier  have  been  collected  since  July 
1977.  The  profile  envelope  of  surveys  from  July  1976  to  December  1979  for  the 
south  side  of  the  pier  is  shown  in  Figure  40.  The  maximum  sand  level  change 
was  4.3  meters  measured  at  175  meters  out;  a  1.5-meter  change  was  measured  at 
the  end  of  FRF. 


Figure  40.  Profile  envelope  of  soundings  taken  along 
the  south  side  of  the  FRF  pier  from  July 
1976  to  December  1979. 


Birkemeier  (1979b)  reported  that  during  a  storm  which  produced  maximum 
significant  wave  heights  of  3.8  meters  (12.5  feet),  234.3  cubic  meters  per 
meter  (93.4  cubic  yards  per  foot)  eroded  along  the  length  of  the  pier.  The 
storm  also  produced  a  relatively  flat  200-meter-long  terrace  at  a  depth  of  -6 
meters  (-19.5  feet). 

The  localized  scour  around  the  pier  piles  and  the  concrete  abrasion  col¬ 
lars  was  investigated  by  DeWall  and  Christenson  (1979).  A  maximum  scour  depth 
of  1  meter  below  the  surrounding  bottom  was  measured.  The  maximum  width  of 
holes  was  7.3  meters  (24  feet).  Maxiraun  pile  scour  was  found  at  243.8  meters 
(800  feet)  along  the  pier  relative  to  the  base  line. 

6.  Longshore  Bars. 

Lester  (1980)  examined  the  frequency  and  movement  of  longshore  bars,  using 
aerial  photos  from  five  overflights,  and  found  that  two  different  bar  patterns 
existed.  From  Duck  north  75  kilometers  to  Cape  Henry,  there  was  a  single, 
uninterrupted  bar.  However,  from  Duck  south  to  Oregon  Lnlet  there  was  a 
sequence  of  seven  sandbars.  These  bars  had  a  trisectional  formation,  in  that 
each  bar  tended  to  propagate  at  an  angle  from  the  shore,  then  continued  south¬ 
ward  parallel  to  shore  for  a  considerable  distance  until  only  remanent  indi¬ 
cations  of  the  bar  remained.  The  trisectional  bar  formation  is  defined  as 


(a)  Che  proximal,  the  section  that  propagated  from  shore;  (bj  the  body,  the 

section  that  was  parallel  to  shore;  and  (c)  the  distal  or  transitional,  the 

section  where  only  remanent  indications  of  the  bar  remained,  and  the  proximal 
segment  of  a  new  bar  was  starting.  Three  bars  with  this  configuration  are 

shown  in  Figure  41. 
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Kigure  Al.  Aerial  view  Looking  north  trow  KILL  Devil  Hills 
showing  three  distinct  longshore  bars. 


These  bars  showed  a  strong  indication  of  seasonal,  shore-noriual  migration. 
During  the  summer  and  winter  months,  the  average  distance  of  the  bar  from 
shore  was  137  meters  (450  feet)  and  290  meters  (960  feet),  respectively.  The 
total  length  of  the  bars  ranged  between  6.4  and  9.6  kilometers.  The  average 
length  of  each  proximal  section  was  1.2  kilometers,  each  body  segment  7.1 
kilometers,  and  each  distal  segment  1.4  kilometers.  There  was  very  little 
indication  of  shore-parallel  migration.  Instead,  there  appeared  to  be  a  very 
consistent  location  for  the  initiation  of  bar  propagation  from  shore. 

7.  Sediment  Characteristics. 


a.  Beach  Material.  As  part  of  the  BtP  mentioned  in  Section  111,  a  series 
of  915  sand  samples  was  collected  quarterly  from  Is  transects  along  the  beacti, 
above  mean  low  water  (MLW)  Detween  i9/4  and  January  1977  tfig.  s2).  Headland 
and  DeWall  (1979)  reported  on  the  analysis  of  these  samples.  Kach  sample  con¬ 
sisted  of  about  200  grams  (7  ounces)  taken  by  a  specially  constructed  sampler 
from  the  top  1  centimeter  (0.4  inch)  ot  the  beach.  The  location  and  elevation 
of  each  sample  was  carefully  determined  using  tape  and  level  techniques.  Sam¬ 
ples  were  collected  from  the  landward  side  ot  the  dune,  the  dune  crest,  the 
dune  toe,  the  berm,  and  the  foreshore. 

Splits  of  the  samples  were  analyzed  on  the  CFKC  Kapid  Sediment  Analyzer 
(RSA).  Ten  percent  of  the  samples  were  also  run  at  0.5-phi  intervals  through 
a  standard  sieve  analysis  tor  control.  A  subset  of  bO  toreshore  samples  col¬ 
lected  during  1976  was  analyzed  for  carbonate  content.  The  results  were  then 
analyzed  for  variations  in  mean  size  as  a  function  of  (1)  position  along  each 
profile  line,  (2)  position  along  the  beach,  (3)  season,  (4)  percent  carbonate, 
and  (5)  toreshore  slope.  An  average  ot  all  protile  lines  indicateu  the  mean 
grain  size  decreased  landward  from  0.52  millimeter  (0.9  phi)  on  the  foreshore 
to  0.38  millimeter  (1.4  phi)  at  the  dune  (Fig.  43).  Profile  lines  to  the 
north  show  a  much  wider  range  of  stzes  than  t  he  lines  in  the  vicinity  ot 
Oregon  Inlet,  due  to  a  secondary  mode  in  the  coarse  traction  on  the  berm  and 
foreshore  (Fig.  44).  The  mem  size  of  tne  dune  sand  remains  nearly  constant 
and  ranges  between  0.3  and  0.4  miilim-  cer  (1.7  and  1.3  phi).  Figure  45  shows 
tile  bimodai  distribution  tot  a  sample  taken  l row  the  foreshore  at  profile  line 
20  (.south  of  the  FRF). 

Figure  46  illustrates  the  change  in  average  sample  mean  and  standard  devi¬ 
ation  alongshore  and  confirms  a  decrease  in  sane  size  from  north  to  south. 
The  coarsest  material  occurs  in  the  vicinity  of  the  FKF  (.between  lines  12  and 
20)  where  the  mean  sand  size  on  the  foreshore  averages  0.6  to  0.8  miLlimeter 
(0.7  to  0. 3  phi) . 

Figure  47  summarizes  the  seasonal  mean  sand  size,  averaged  by  position  on 
the  profile  Line.  Sand  size  on  the  dune  remains  generally  unchanged,  while 
tlie  foreshore  material  (MHW  to  .ISh)  tends  to  become  finer  during  the  summer 
months.  Sand  size  on  the  berm  is  coarser  during  the  summer  than  during  the 
rest  of  the  year.  Seasonal  trends  were  not  uniform  from  profile  to  prolife. 

The  carbonate  fraction  of  the  foreshore  samples,  which  consists  ot  whole 
and  broken  shelf  material,  ranges  from  0  to  20  percent  of  the  sample  by  weight 
(Fig.  4Py.  The  highest  percentages  occurred  during  the  fall  survey  of  profile 
lines  35  to  41.  Mean  grain  size  was  found  to  have  a  positive  correlation 
(0.4)  with  percent  carbonate. 
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Figure  43.  Average  mean  grain  size  (all  samples)  by  profile  position. 


Figure  44.  Alongshore  variation  in  mean  grain  size  by  profile  position 


Meon  Sorid  Site  ( ) 


Mean  Grain  Size  (mm) 


Figure  45.  Example  of  biiaodal  foreshore  sand-size 
distribution,  collected  at  profile  line  20 
on  7  May  197b  (elevation  +0.2  meter  MSL). 


Figure  4b.  Alongshore  variation  in  average  mean  grain  size  and 
standard  deviation. 
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figure  47.  Mean  grain  size  averaged  by  season  and  profile  position. 
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Figure  48.  Carbonate  percentage  in  foreshore  samples  by  season. 
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Foreshore  slope  was  determined  at  the  same  time  each  sample  set  was  taken. 
Figure  49  shows  the  strong  positive  correlation  coefficient  (r  =  0.88)  between 
the  average  mean  grain  size  and  the  average  foreshore  slope  for  each  of  the  15 
profile  lines;  Figure  50  shows  the  decrease  in  average  foreshore  slope  from 
north  to  south. 
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Figure  49.  Average  foreshore  slope  versus  average  mean  grain  size. 
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Figure  50.  Alongshore  variation  in  average  foreshore  slope. 


The  north-to-south  decrease  in  mean  grain  size  confirms  earlier  findings 
by  Swift,  et  al.  (1971)  and  Shideler  (1973).  A  downdrift  decrease  in  sand 
size  has  been  noted  at  other  localities  along  the  east  coast  (e.g.,  Ramsey  and 
Galvin,  1977).  The  coarse  sand  along  the  northern  section  of  the  study  area 
is  characterized  by  a  bimodal-size  distribution.  The  northward-coarsening 
trend  does  not  continue  northward  of  the  study  area  (Goldsmith,  Sturm,  and 
Thomas,  1977),  but  appears  to  be  localized  between  Caffey's  Inlet  and  the 
vicinity  of  Duck.  Swift,  et  al.  (1971)  attributed  this  coarse  anomaly  to  a 
local  source  of  gravel  which  is  excavated  from  the  former  Albemarle  River 
channel. 

b.  Nearshore  Sediments.  In  August  1979  scuba  divers  collected  a  set  of 
35  short-core  sediment  samples  on  three  shore-normal  transects — along  the  pier 
centerline  and  along  parallel  lines  75  meters  both  north  and  south  of  the  pier 
centerline.  The  results  of  the  settling  tube  (RSA)  analysis  of  these  samples 
are  plotted  as  box  plots  in  Figure  51.  Each  sample  is  plotted  relative  to  its 
distance  (in  meters)  from  the  FRF  base  line,  along  the  shore-normal  transect. 
Values  of  the  10th,  16th,  25th,  50th  (median) ,  75th,  84th,  and  90th  percent¬ 
iles  of  the  cumulative  size  distribution  are  also  plotted  for  each  sample. 
Sample  depths,  as  determined  by  lead-line  soundings  and  corrected  to  MSL 
elevations,  are  plotted  for  each  transect.  The  statistics  are  summarized  in 
Table  11. 

According  to  Folk's  (1965)  classification,  the  bottom  material  is  gener¬ 
ally  moderately  well  sorted,  medium  to  fine  sand.  Median  grain  size  ranges 
from  0.28  to  0.12  millimeter  (1.85  to  3.11  phi)  with  sorting  values  ranging 
between  0.74  and  0.40  millimeter  (0.44  and  1.31  phi)  (Table  11).  A  zone  of 
sandy  silt  is  encountered  at  13-  to  15-meter  (45  to  49  feet)  depths.  No 
gravel  was  directly  observed,  although  one  sample  (Table  II,  transect  1,13) 
taken  43  meters  (140  feet)  directly  seaward  of  the  pier  end  did  contain  a 
secondary  mode  in  the  1.4-  to  1.0-rail  lime  ter  (-0.5  to  0  phi)  size  fraction 

(very  coarse  sand). 

The  bottom  was  generally  observed  to  be  rippled,  except  in  the  surf  zone 
where  ripples  were  wiped  out  by  surging  breakers.  Ripples  were  generally 
shore  parallel  with  wavelengths  ranging  from  4  to  12  centimeters  (1.5  to  5 
inches)  and  heights  from  1  to  4  centimeters  (0.4  to  1.5  inches).  At  a  2.9- 
meter  water  depth  megaripples  were  observed  to  be  the  primary  bed  form  with 
smaller  ripples  superimposed.  Megaripple  wavelength  was  2  meters  (6.5  feet); 
height  was  15  centimeters  (6  inches). 

c.  Subbottom  Sediments.  Field  (1973)  summarized  the  results  of  a 

subbottom  geophysical  survey  conducted  at  the  site  in  1972-73.  His  analysis 
of  four  nearshore  vibracores  and  five  drill  holes  (Figs.  52  and  53)  showed 

that  the  beach  is  underlain  by  more  than  15  meters  of  sand  at  the  shoreline, 
thinning  to  about  1.5  meters  at  the  12-meter  contour.  Sediments  vary  from 
coarse  sand  with  gravel  layers  to  dense,  poorly  graded  (well-sorted),  fine 
sand.  Alternating  silts,  clays,  and  silty  sands  are  common  below  this  sand 
prism.  Geophysical  records  show  a  nearly  horizontal  reflector  (layer)  at  -12 
meters  MSL  nearshore  that  appears  to  Intersect  the  bottom  and  become  exposed 
at  about  -14  meters  MSL.  The  depth  of  this  major  reflector  was  found  to  cor¬ 
relate  with  the  change  from  sand  with  gravel  layers  to  silts  and  clays  noted 
in  the  core  logs  (Fig.  53).  The  surface  samples  and  visual  observations 
discussed  above  confirm  an  outcrop  of  the  silt  layer  at  -13  to  -15  meters 

MSL.  Detailed  core  logs  and  geophysical  records  are  on  file  at  CERC. 
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Table  11.  FRF  offshore  sand  samples,  7  to  9  AuKUSt  1979. 


Sample 

No. 

HSL  depth 

(m) 

Mean  grain 

size 

Median  grain 

size 

Std.  dev. 

(phi) 

Distance  from 

base  line 
(m) 

(phi) 

(mm) 

(phi) 

(mm) 

TRAM SECT  1 

(pier  centerline) 

i 

16.4 

2.76 

0.15 

2.86 

0.14 

0.51 

■Q3I  ■ 

2 

15.8 

2.48 

0.13 

2.55 

0.17 

0.59 

|  1 

3 

13.7 

2.83 

0.14 

2.95 

0.13 

0.56 

2,085 

4 

11.99 

_ 1 

— 

— 

— 

— 

1,038 

5 

8.1 

2.47 

0.18 

2.62 

0.16 

0.64 

550 

6 

6.5 

2.05 

0.24 

2.18 

0.22 

0.63 

410 

7 

4.7 

2.03 

0.24 

2.16 

0.22 

0.70 

350 

8 

4.7 

2.31 

0.20 

2.39 

0.19 

0.48 

250 

9 

1.4 

1.80 

0.29 

i.'m 

0.27 

0.66 

210 

10 

11.3 

2.77 

0.15 

2.87 

0. 14 

0.54 

1,366 

11 

9.40 

2.47 

0.18 

2.67 

0.16 

0.83 

1 ,093 

13 

7.30 

2.27 

0.21 

2.74 

0.15 

.  1.31 

640 

TRANSECT  11 

(75  meters  north  of 

centerline) 

1 

14.5 

2.96 

0.13 

3.01 

0.12 

0.44 

2,090 

2 

12.7 

2.97 

0.13 

3.08 

0.12 

0.70 

1 ,890 

3 

12.2 

2.83 

0.14 

2.96 

0.13 

0.62 

1,647 

4 

11.7 

2.64 

0.16 

2.75 

0.15 

0.58 

1,361 

5 

11.4 

2.77 

0.15 

2.85 

0.14 

0.51 

1,340 

6 

9.8 

2.71 

0.15 

2.79 

0.14 

0.55 

1,085 

7 

7.6 

2.69 

0.15 

2.77 

0.15 

0.57 

787 

8 

7.6 

2.60 

0.16 

2.61 

0.16 

0.46 

736 

9 

6.9 

1.79 

0.29 

1.97 

0.26 

0.61 

704 

10 

5.3 

2.32 

0.20 

2.37 

0.19 

0.64 

497 

11 

2.7 

2.14 

0.23 

2.24 

0.21 

0.63 

283 

12 

1.5 

2.03 

0.24 

2.01 

0.25 

0.91 

159 

TRANSECT  III 

(75  meters  south  of 

centerline ) 

14.7 

2.99 

0.13 

3.11 

0.12 

0.62 

2,090 

■  1 

14.1 

2.78 

0.15 

2.93 

0.13 

0.76 

1,750 

■  ’ 

13.6 

2.89 

0.13 

2.98 

0.13 

0.58 

1,675 

10.4 

2.86 

0.14 

2.94 

0.13 

0.64 

1,370 

n 

9.6 

2.80 

0. 14 

2.86 

0.14 

0.47 

1  ,088 

7.8 

2.86 

0.14 

2.87 

0. 14 

0.50 

743 

7 

6.5 

2.68 

0. 16 

2.70 

0.15 

0.54 

491 

8 

4.1 

2.44 

0.18 

2.45 

0.18 

0.51 

379 

kb 

3.8 

2.26 

0.21 

2.29 

0.20 

0.55 

343 

I  1 

3.0 

2.15 

0.23 

2.13 

0.23 

0.59 

275 

HI 

2.5 

2.46 

0. 18 

2.41 

0.19 

0.61 

251 

*  Too  fine  for  K3A. 
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VI.  ECOLOGY  OF  THE  FRF  SITE 

The  mid-1600  settlement  of  the  Outer  Banks  drastically  changed  the  vege¬ 
tation  and  topography  of  the  region.  Forests  were  diminished  for  fuel  and 
building,  and  grass  and  shrubs  were  uprooted  by  grazing  livestock  which  con¬ 
tinued  into  the  beginning  of  the  1900's.  Once  vegetation  was  disrupted  the 
sandy  soils  became  susceptible  to  movement  by  wind  and  storm  tides.  The 
blowouts  and  sand  dunes  seen  today  are  results  of  these  forces. 

In  1935  the  Works  Progress  Administration  and  the  Civilian  Conservation 
Corps  began  stabilizing  the  foredune  from  the  Virginia  border  to  approximately 
the  middle  of  Ocracoke  Island.  Some  of  these  foredunes  now  exceed  8  meters  in 
height.  The  ocean  beach,  foredunes,  arborescent  (tree-  and  shrub-dominated) 
and  sound-side  marsh  zones  are  the  most  characteristic  features  of  the  Outer 
Banks  profile  (Levy,  1976).  The  most  variable  zone  is  between  the  foredune 
and  the  arborescent  zone.  This  is  particularly  evident  at  the  FRF  site. 

I .  Vegetation. 


Levy  (1976)  conducted  a  complete  vegetation  study  of  the  FRF  site.  A 
vegetation  map  of  11  different  communities  in  the  area  is  shown  in  Figure  54. 
Permanent  plots  were  located  in  each  of  the  designated  communities.  The 
results  of  the  study  showed  the  flora  to  be  composed  of  about  178  species  and 
132  genera  representing  58  families  (App.  E)  .  Six  of  the  plant  communities 
correlate  with  the  communities  generally  common  to  the  Outer  Banks:  fore¬ 

dunes,  wetlands,  oceanside  shrub,  sound-side  shrub,  low  dune  grass,  and  bare 
sand.  The  remaining  five  communities  are  relatively  unique  to  this  site: 
sound-side  disturbed,  planted  American  beachgrass  ( Amrnophila  breviligulata) , 
planted  bitter  panicum  ( Panicum  amovulum) ,  sandgrass-buttonweed  ( Triplasis 
vurpurea-Diodia  teres),  and  spurge-sandgrass  ( Euphorbia  polygonifolia- 
Triplasis  purpurea) . 

In  September  1978,  CERC  reestablished  approximately  two-thirds  of  the 
previous  plots,  which  could  be  located,  and  added  more.  Plant  species  were 
collected  and  identified,  and  the  vegetation  was  mapped  for  comparison  with 
aerial  photos  at  scales  of  1:2000  to  1:34000.  Optimum  scales  for  identifying 
vegetative  species,  associations,  communities,  and  zones  were  also  determined 
in  the  comparison. 

a.  Dune  Vegetation.  In  April  1972,  before  CERC  obtained  the  FRF  site, 
the  L’.S.  Navy  sprigged  the  area  with  American  beachgrass.  In  1973  and  1974, 
North  Carolina  State  University  conducted  experiments  on  propagation,  han¬ 
dling,  processing,  and  planting  of  bitter  panicum,  American  beachgrass,  and 
sea  oats  ( Uniola  paniculata)  in  the  northern  part  of  the  site  about  300  meters 
inland.  By  the  fall  of  1974,  bitter  panicum  was  the  most  successfully  estab¬ 
lished.  Fertilizer  applications  were  necessary  to  retain  the  vigor  of  the 
planted  stands.  The  results  of  this  study  were  reported  by  Seneca,  Woodhouse, 
and  Broome  (1976).  Although  the  actual  plantings  are  no  longer  clearly  delin¬ 
eated,  the  general  area  is  still  identifiable  from  the  air  (see  Fig.  4). 

b.  Marsh  Vegetation.  Experimental  marsh  plantings  were  established 
between  April  and  September  1973  on  the  sound-side  shore  of  the  site  to 
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Figure  54.  Vegetation  map  of  tiie  FRF  (Levy,  1976). 
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stabilize  the  eroding  shore  (Fig.  55)  :  a  nursery  area  to  the  south  and  an 
unplanted  control  area  to  the  north.  Four  species  were  planted:  smooth 
cordgrass  ( Spartina  altemiflora) ,  black  needlerush  ( Junus  roemerianus) , 
narrow-  and  broad-leaved  cattails  ( Typha  spp.),  and  common  reed  ( Phragmites 
australis).  Plant  density  and  dry  weight  for  the  marsh  were  determined  in 
June  and  October  1979.  The  results  of  this  experiment  show  that  the  optimum 
planting  time  is  April,  May,  and  June.  CERC,  in  conjunction  with  the  Soil 
Conservation  Service  (SCS),  has  planted  10  species  of  freshwater  marsh  plants 
on  the  sound  side  to  determine  their  erosion  control  potential,  and  11  acces¬ 
sions  of  saltmeadow  cordgrass  (.Spartina  patens)  in  the  dunes  to  determine 
those  most  suited  for  dune  stabilization  in  the  Outer  Banks  area. 


Figure  55.  Experimental  marsh  in  Currituck  Sound  before 
planting  (April  1973). 

Profile  lines  in  the  marsh  were  surveyed  in  1973,  1978,  and  1979.  Between 
September  1973  and  September  1978,  the  1-  to  1.5-meter  bank  eroded  at  a  rate 
of  about  1.5  meters  per  year.  Between  1978  and  1979,  1.06  cubic  meters  per 
meter  of  sediment  began  to  accrue  in  the  planting  area,  while  the  unplanted 
area  eroded  -1.68  cubic  meters  per  meter.  The  marsh  is  now  well  established 
(Fig.  56).  Many  new  species,  mostly  freshwater  species,  have  invaded  the 
marsh  as  the  salinity  is  negligible,  varying  between  1  and  5  parts  per  thou¬ 
sand.  Sediments  in  the  sound  are  composed  of  medium  sand. 

2.  Fauna  Studies. 


Matta  (1977)  conducted  an  intensive  seasonal  study  of  the  FRF  ocean  and 
sound  beach  fauna.  On  the  ocean  beach,  23  species  of  macrofauna  in  5  phyla 
and  19  families  were  collected  (see  App.  E);  all  but  four  of  these  species 
were  polychaetes  or  crustaceans.  Several  types  of  meiofauna  were  also  quan¬ 
titated  but  were  not  identified  to  the  species  level.  On  the  sound  beach  23 
species  of  macrofauna  in  4  phyla  and  23  families  were  collected  (see  App.  E) , 
with  the  phylum  Arthropoda  dominating  the  macrofauna,  the  phylum  Annellida  the 
most  numerous. 
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Figure  5b.  Experimental  marsh  in  September  1975. 


The  land  fauna  were  surveyed  over  a  period  of  a  year  from  August  1975  to 
September  1976  (Corbies  and  Hurme,  1978).  Identification  was  made  on  the 
basis  of  tracks,  scats,  visual  observation,  and  trapping.  Thirteen  different 
species  were  documented;  however,  the  study  was  not  intensive  enough  to  pro¬ 
vide  a  complete  fauna  list. 

For  further  information  concerning  ecological  studies  at  the  FRF,  contact: 

U.S.  Army  Coastal  Engineering  Research  Center 
ATTN:  Chief,  Coastal  Ecology  Branch 
Kingman  Building 
Fort  Belvoir,  VA  22060 


VU.  OTHER  AVAILABLE  DATA 

This  section  provides  lists  of  some  of  the  data  available  for  the  FRF, 
including  aerial  photography  (Table  12),  LEO  data  (Table  13),  beach  survey 
data  (Table  14),  and  ecological  data  (Table  15).  Refer  to  Table  3  for 
information  about  available  data  irom  sensors  located  on  the  FRF  pier. 
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Table  12.  Duck  aerial  photography. 
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Table  13. 
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Table  15.  Ecological  data  for  FRF. 


Data 

Survey  dates 

Remarks 

1.  Sound-side  marsh  and  con¬ 
trol  area  profile  lines 

Sept.  1973,  Sept.  1978, 
May  1979,  Oct.  1979, 

Apr.  1980,  July  1980, 
Sept.  1980,  May  1981- 
July  1981,  Nov.  1981 

See  Section  VI,l,b 
for  preliminary 
results 

2.  Currituck  sound  profiles 

(nine  profile  lines  located 
every  51.8  meters  (170  feet) 
along  sound  shore) 

June  1979,  May  1980 

Lines  are  labeled 
"CS”  in  Figure  10 

3.  Herbarium  specimens  (col¬ 
lection  of  plant  species) 

Plant  study 
(Levy,  1976) 

Available  at  CERC 
Coastal  Ecology 
Branch 

4.  Beach  fauna  reference 
collection 

Fauna  study 
(Matta,  1977) 

Available  at  CERC 
Coastal  Ecology 
Branch 
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This  bibliography  contains  more  than  360  references  discussing  the  Outer 
Banks  of  North  Carolina,  loosely  defined  as  the  area  between  Virginia  Beach, 
Virginia,  and  Shackleford  Banks,  North  Carolina.  Although  Virginia  Beach  is 
not  a  barrier  island,  it  has  been  included  because  of  its  close  proximity  to 
the  FRF  and  because  of  the  wealth  of  coastal  research  conducted  there.  The 
references  are  divided  into  the  following  10  broad  topics: 


Atlases 

Beach  Processes 

Bibliographies 

Ecology 

Geology 

Hydraulics 

Inlets 

Miscellaneous 
Sediments 
Shoreline  Changes 

Because  some  of  these  topics  overlap  (e.g.  ,  Beach  Processes  and  Shoreline 
Changes)  and  citations  are  not  cross  referenced,  the  references  under  all 
pertinent  topics  should  be  checked. 
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APPENDIX  A 


EXAMPLE  OF  LIABILITY  RELEASE 


Safety  and  Liability  Statement 


I,  _ ,  representing  _ 

(printed  name)  (agency/organization) 

_  have  been  briefed  on  the  safety  aspects  of 

my  work  at  the  Field  Research  Facility,  Duck,  North  Carolina.  1  have  also 
read  and  understand  the  safety  regulations  concerning  work  on  and  around  the 
pier. 

I  agree  to  hold  the  Government  harmless  against  any  claims,  demands,  or  lia¬ 
bilities  arising  out  of  the  use  or  operation  of  the  facility  during  the 

following  term  of  the  experiment  or  study:  _  to  _ . 

(date)  (date) 


(signature) 


(date) 


CERC  FORM  1 34 
I  August  1978 
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APPENDIX  B 


DIVE  PLAN 

Nongovernment  Diving  Operations  Plan 
Field  Research  Facility 
Duck,  North  Carolina 

1 .  Description  of  Mission: 

a.  Diving  operations  are  scheduled  to  be  conduct'  d  from 


to 


at  the  Field  Research  Facility  ( FRI ) ,  Duck,  North  Carolina. 


b.  Tlie  diving  operation  is  being  conducted  by  personnel  from 


f.  If  equipment  is  to  be  left  in  place,  provide  a  diagram  on  a  separate 
page  of  the  generai  layout  including  distances,  instrumentation,  handlines, 
pipes,  buoys,  etc. 

g.  Total  expected  bottom  time  for  each  diver  for  entire  operation  is 
_  hours. 

h.  Maximum  expected  depth  is  _  feet. 

2.  Description  of  Diving  Apparatus/Equipment  to  be  Used. 

a.  Open-circuit  scuba,  SAS,  other  (describe). 


b.  Wet  suit,  unisuit. 

c.  Tanks. 

(1)  Single  -  double. 

(2)  Steel  -  aluminum. 

(3)  Number  being  brought  to  KKF  _ _ _. 

d.  Diving  craft  or  platform. 

( 1 )  Cruf i . 

(■>)  Make _ . 

(  b)  Length  _ . 

(c)  Outboard  lip  _ . 

(d)  Number  of  personnel  (including  divers)  to  accompany  craft 

(2)  If  craft  is  not  being  used,  briefly  describe 

(a)  Means  by  which  divers  will  enter  and  exit  the  water. 

(b)  Approximate  distance  from  entry  and  exit  point(s)  to  dive 
loca t  ion . 

3.  Safety  Requirements, 
a.  Diving. 

(1)  A  standard  diving  flag  wiLl  be  displayed  when  diving  operations 
are  underway. 

(2)  All  dives  wi l L  he  no-decompression  dives. 
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(3)  The  minimum  number  of  personnel  on  a  scuba  dive  team  will 

include:  a  diver,  a  buddy  diver  or  standby  diver  (if  diver  is  line  tended) 

and  a  tender/ timekeeper. 

(4)  Divers  will  maintain  either  visual  or  physical  contact  when 
submerged. 

(5)  A  buoyancy  compensator  will  be  worn  by  each  diver. 

(6)  Dives  will  not  be  made  when  steady  currents  exceed  1  knot. 

(7)  All  dives  will  be  accomplished  in  accordance  with  OSHA  Commercial 
Diving  Regulation,  Part  1910,  Subpart  T. 

b.  One  diver  in  each  dive  team  will  be  designated  as  the  "senior  diver" 
with  the  following  responsibilities: 

(1)  Maintain  a  first  aid  kit. 

(2)  Notify  the  FRF  Chief  when  diving  operations  are  underway  and  when 
they  are  secured. 

(3)  Insure  that  emergency  support  and  facilities  are  available  prior 
to  commencement  of  dive. 

(4)  Give  an  operations  briefing  to  all  divers  prior  to  the  start  of 
operations. 

(5)  Conduct  a  pre-dive  check  on  divers  prior  to  entering  the  water. 

c.  Diving  craft. 

(1)  Breaking  waves  4  feet  or  higher  will  preclude  launching  of  craft 
through  the  surf  zone. 

(2)  Normal  safe  boating  practices  will  be  followed. 

4.  Personnel. 


Position  Name  Certification  (type  and  date) 

divers  only 

Onsite  supervisor 
(if  other  than  senior 

diver)  _ _ _  _ 

Senior  diver  _ _ 

Divers 


Support  personnel 


Place  an  asterisk  t  *  bt._  de  any  personnel  who  are  first  aid  and/or  CPR 
qual if  led. 
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Table  LI- 1 , 


.1  ::i  I  v 


FKK  l  I  iristirs  lisi  , 

.Hi.!  - 


Common  name 


T'.n.i  i  1 


i  * 


1  Cnn 


Family  Aceraceue 
.'h  i’  rut no*  L. 

Family  Ai2o.Kf.it’ 

Moil.  w.>  rt  toil  lata  L. 

Family  A1 i smut aoeae 

.  ‘ : i  taria  gnirri nra  va r .  weatherbiana 
iFernuld)  Bogin 

Family  Amurun t haceue 

Air.  m : \ 1  ;  h i loxeroidee 

(Marti-sj  Gnsebach 

Family  nucurdin.Keae 
fihue  : i .*  ?’U  L. 
h’.  L. 

Family  Api.iveae 

.Vnfi'ji'.;  afliiiioa  (L.)  Urban 
Fry  n. ; :  ur  i.;u  : :  i  our  L . 
h'u  ir  •  -t  -4  ’ .  :Wv  l  la  t a  L. 

L i  iae-  ;  «u'rf  ’irv  J incneie  C.  6  R. 

Ft  i  l  i  urn  •  rt  ii  iaoeur  (Michaux)  Ref. 

:'iurr  Piuivr  Walter 

Farm  ly  A.,ui  t.  .  .  >•  ae 

llfT  i  * :  Alton 
I.  vri  r  r:  i  Alton 

Fam.'.y  Asc  lepiadaceae 

'it  prop  i: nor-, data  Walter 

Family  'splen laceae 

/lap.Vni'ur  ;  nifi.'ifW’b’:  (l..)  Oakes 

Family  'storaceae 

AohiiUi  r: i lo  folium.  L. 

Ambrosia  artonisi  i  folia  L. 

Aetor  t cnu: foliue  L. 

Pao.'harie  hliliM  folia  L. 

Bidf’nn  "tit:  a  (Michaux)  Sherff 
Carduua  apinoaiaeimua  Walter 
Crepie  veaicaria  ssp  toroxifclia 
(Thuillier)  Thellung 
Eclipta  alba  (L.)  Hasskar 
Fri r  •»;  var.  aa^uidonsie  L. 

F.  ii*  var.  pueillua  (Nuttall) 

Ah  1 1  •- 

F:,-  i  t  r :  a-  *. ;;  r*  Hi  folium  var 
-  ip  :  i  .* :  f  .' :im  (  Lam .  )  Nma  1 1 
t. .  *t«  r  Michaux 

nii ! !  tr.ii  i  :  ■*  I  ■-•hr:  La  Foug. 

G*i ;;  h  i  i ;  .*"»  }  ‘  up  :  fo  liun  L . 

Him."'  *r  gr->novii  L. 

Hr  tor  rh.  •:  adowdopie  (Fernald) 

AM  es 

//.  go* Pup:  (Michaux)  Shinners 

frutop  v»w»  L. 

7.  j  -  }  ri  -  it  i  Walter 
Krigia  i rgi ni  .m  ( L .  Wi  1  Id . 
la.'tuoa  .» -inii.imaia  L. 

Mi  k.  nil  fl'mlrne  (L.)  Willd. 

Fluokn  f  wti.la  (L.)  P.C. 

P.  pur;  :,r ip  'c*ip  (Swartz)  O.C. 

Pyrrhop  jj ;  up  oarolinitznue  var. 

ear  '  l  i n:  mua  (Walter)  O.C. 

I'oli'tij  •  rug  var.  rugoea  Miller 
airy  errirme  L. 

.».  tenui folia  Pursh 
X'Znth’un  etruruiriun  var. 

|  atrunariur  L. 

i  Fami  ly  BiRnomaceae 

Canppin  rtidioana  (L.)  Seemann 

Family  Brass icaceae 
,  Cakib-  firntula  (Bigelow)  Hooker 

j  irj'idiun  virjinioun  L. 


I 


I 


Red  maple 
Carpet  wec.i 

Arrowhead 

Alligator  weed 


Winged  sumac 
Poison  ivv 


Fryngo 

Marsh  pennyxort 


Water  parsnip 


American  holly 
Yaupon 


Mi lk weed 


sp  ieenw  rt 


Yarrow 

k.tgweed 

Aster 

Groundsel  tree 
Beggar  fie*'- 
Yellow  thistle 

Hawk's  beard 
Yerba-de-tago 

II.  r  .ewri-.t 

IIOIM  -•  ••  '.I 

fV>g  fennel 
llio  rough  wort 
Blanket  flower 
Rabbit  tobacco 
Hawl  weed 


Ma; sh  elder 
Seas.iore  older 
l>warf  dandelion 
Wild  lettuce 
Climbing  hempweed 
Marsh  fleabane 
Salt  marsh  fleabane 

false  dandelion 
Golden rod 
Golden rod 
Golden rod 

Cock lebur 


Fami ly  Cactacea  • 

Opuntia  (Salisbury)  Mocbride 

O.  .irumuruii  i  Graham 

Family  Campanu laceae 

U'belia  elongata  Small 
I'-peoul-aria  perfoliata  (L.)  A.  P  C. 

Family  Capri fol laceae 

Lonicera  japonioa  Thunberg 
L.  eenpervirens  L. 

Family  Cher.op.  diaceae 

■,’h.  »u  ;•  n  tnl  r  a:  .ndre  l. . 


ornnon  n  n  no 


Pn  ck  ley  pear 
Fragile  prickley  pear! 


Mmrsh  lobelia 
Venus'  looking  glass 


Japanese  honeysuckle  j 
Coral  honeysuckle  I 


Me* lean  tea 


1  . 


Fare  i  1  v 


KIVO 


i  •  :  <  1  .  )  R.  Brow-. 

Fami  ly  uu urn 1 1  .k.  eae 


nr:  i 


I  . 


Trumpet  vine 


Sea  rocket 
Peppergrass 


Family  Vvprruceae 

' ;r.  .r  ii  :•  :  lorrev 
.  Torrey 

. '.  «  r .  r  hr.  rhi k  •/«  Muh  1 . 
fiii-irun  VahJ 

-.  h.u"  :r  1-. 

iri.-i  {Muh.iiixj  Torrey 
r:  .  '  /'  Kunt  h 

n.  •.  -fi  f:«/'  irorrey)  Matt  fold  and 
knG  !  ’i.i  l 

i>  *  *•:  •  4  it  1 

.  .  •:««  it i  Pc' 1 1  boe  1 1 

* * :«/  ♦ 1  r  -u  i  -Pi  (Michx.  )  R.  8  S. 
r:~;  ••  :p‘:.iip  iu  ‘  u-ru:  1  i  8  (L.)  R.  6S. 

. !  •>:  ‘t  T.:  [  1  . )  Yah  1 
Ptir.-u:  p;uirr  pi  Michaux 
<•»  2"-.  r:  Mnua  Persoon 


’  Sedge 

Sedge 


\  ar 


.  H  en.ueae 
if.  ,r  r  r:  raini  mi  L. 


Familv  I uphorbiaccae 

(>•*.»:  iniulopup  var.  peptentriemalie 

Muel l  - Arg. 
r\  ;  Jacquin 

'ufhorbia  polugom folia  L. 

Familv  Fab ac ear 

Apiop  morioanLi  Medic  us 
.'.'28 8ia  fie^ioulata  Michaux 
Centro* ma  virginianun  (L.)  Bentham 
De emit- Hum  panioulatum  (L.)  p.c. 

7>.  pauciflorun  (Nuttall)  D.C. 

D.  8trietum  (Pursh)  P.C. 
teepedoza  oapitata  Michaux 

Family  Fabaccae  (cone  I'd.) 

I,,  ount'ata  (Ihimont)  G.  Don 
L.  striata  (Thunberg)  H.  6  A. 

L.  virjinioa  (L.)  Britton 
I'trophoBtiflGB  he  l  no  la  (L.)  Ell. 

Fami ly  Fagaceac 

Qurroup  virginiana  Miller 

Family  Gentianaceae 

Sabrit-ia  dodeoandra  var.  dodeoandra 
(L.)  B.S.P. 

Family  Hamamel idaccae 

l.iquidonbar  eturariflua  L. 

Family  Hypericaceae 

Hyjrrioum  gentianoidee  (L,)  B.S.P. 


Sea  j  ink 


1  Sweet  gum 

i 


St .  John's  wort 


Pogwood  j 

I  I 

I 

.  Hedge  bindweed  ' 

|  .  reeping  cucumber 


|  Spike  rush 
I  Sand  rush 

I  llmhrel  la  grass 
|  Chair  maker's  rush 


Croton 

Croton 

Beach  spurge 


j Partridge  pea 
Butterfly  pea 
Beggar  lice 
,Beggar  lice 
| Beggar  lice 
i Bush  clover 


j  Japanese  clover 
I Wi Id  bean 

i 

Live  ak 
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Table  I>  1  .  I'RF 

florist  its  list  (Levy,  197o). — Continued 

Family  and  .  odes 

Common  name 

Family  and  species 

Common  name 

Family  June atone 

Family  Poaceae  (cone I'd.) 

••  ;*t  i.vua  Mackenzie 

Rush 

Pad  cum  omarulum  Hitchcock  and  Chase 

Bitter  pan i cum 

me :  i-'t'phac ue  M.A.  Curtis 

Rush 

P.  ana rum  Ell. 

Panic  grass 

r-- erne  ri  anus  Scheeie 

Black  rush 

F.  dichotomifl  rum  Kichaux 

P.  scoparium  Uun. 

i all  roni eum 

Fami  W  Jimcaginaceae 

P.  vcviinalujn  Swart  z 

rri  jLh'hin  et  *•’  R.  fi  P. 

Arrow  grass 

P.  viisiatun  L 

Switch  grass 

Polypogon  nonepelicnsie  (L.)  Desf. 

Rabbit  foot  grass 

Family  Uuniaceae 

Sacciclrpi e  striata  (L.)  Nash 

Mi'ru.if'.Li  punctata  l,. 

Horseoirt 

Jet  aria  geniculate  (Lam.)  Beauvois 

Fox  tail  grass 

I'.i'.via  lyrata  L. 

Sage 

Joraum  halrrense  (L.)  Persoon 

Johnson  grass 

.S’M.’fcj/i*  Wit-tall ii  Shuttles 

Hedj  ne- 

fp.irtina  m<nosuroidcB  (L.)  Roth 

Giant  cord  grass 

S.  patens  (A it  on)  Muhl. 

Salt  meadow  grass 

Family  Lauraceae 

Sp  he nop  hoi  is  obtueata  (Michaux)  Scribner 

Wedge  grass 

Perse  i  borbonia  (L.)  Spreng. 

Red 

Triplasis  purpurea  (Walter)  Chapman 
Tt'ise+im  pensylvanicum  (L.)  Beauvois 

Sand  grass 

Family  Liliaceae 

ex  R.  t,  S. 

Srrtilax  bona~nox  L. 

Grr»e 

Ifniola  pmiculata  i. 

Sea  oats 

Yucca  filamentcea  L. 

a,  ;J  Kiis: 

Zea  mays  L. 

( orn 

Family  Lmaceae 

Family  Polygonaceae 

Linun  virginianum  var.  medium  Planchon 

Flax 

Polygonum  hydropiperoidee  var.  opelousanun 

(Riddell  ex  Small)  Stone 

Family  Loganiaceae 

F.  penny l van  i cun  L. 

Knot  weed 

Polypreman  proounbene  L. 

p.q#ittatum  I.. 

Tear  thumh 

ftumex  acetcsclia  L. 

Sheep  sorrel 

Family  I ycopodi aceae 

R.  vert  id  llatus  L. 

Swamp  dock 

by  repo- Hun  appressun  (Chapman)  Lloyd  and 
Underwood 

Club  moss 

Family  Pontederiaceae 

Pickerelweed 

rontederia  coraata  L. 

Family  Lythraccae 

Family  Primulaceae 

Sanolue  parviflorue  Raf. 

Lu thrum  l  inspire  L. 

Loosestrife 

Water  pimpernel 

Family  Ranunculaceae 

Ranunculus  eardoue  Crantt 

Hikio.'ue  m  'O  'heutoe  L. 

Koste let  skua  i rginica  (L.)  Frcsl. 

Pose  mallow 

Sea  shore  mallow 

Buttercup 

Fami ly  Myricaceae 

Myri'i  reriferi  var.  cerifera  L. 

V.  penny  lr  mica  tinsel 

Wax  myrtle 
nayberry 

Family  Rosaceae 

Amelanchier  arborea  var.  laevie 
(Wiegard)  Ahles 

Prunue  serotina  var.  serotina  Ehrhart 

June  berry  i 

Black  cherry  | 

Fami ly  Onagracca  • 

Rubua  betulifoliuB  Small 

Blackberry  I 

<.Vnr?h»rM  biennis  L. 

Fvening  primrose 

1 

frut  iot'sa  L. 

0.  hurrifup-i  Nut  tall 

Sundrops 

Fvening  primrose 

Family  Rubiaceae 

iHodia  teres  Walter 

Buttonweed 

Family  Orchidacear 

Jprmn? he  a  cernua  (L.)  Richard 

Niddlng  ladies'  tresses 

D.  virginiana  L. 

Fami ly  Rutaccac 

Family  Pin.iceae 

Z.mt h>rytu~  clava-heroulie  L. 

Hercules'  club 

Pinuo  hie  h  l. . 

Loblolly  pine 

Family  Salicaceae 

Family  Phytolacaceae 

Palis  nigri  Marshall 

Black  wi 1  low 

:  Phut'!i"i  aneri'ina  L. 

Fok eweed 

Family  Scrophulanaceac 

Family  Plant  ag  in.u  cae 

Gerardia 

Toad  flax 

f'i  ant  age  anee  if.:  L. 

Plantain 

Verhis':*r  th.ipsuB  L. 

Mullein 

Family  Sol.inaceae 

Phyealis  viscoea  ssp  maritina 

/iruircp<.\n'*i  el  Hot  tii  Chapman 

Broom  straw 

A.  virgini  *nn  L. 

Amophila  bred  lijulata 

Broom  sedge 

American  beachgrass 

(M.A.  Curlts)  Waterfall 

Patura  stramonium  L. 

Ground  cherry 
Jimson  weed 

Bromuo  sccalinue  L. 

Brome  grass 

•  Cen^hrutt  tribul aides  L. 

Cynodon  (Lictyh'n  (L.)  Pcrsoon 

•  Diqitario  filifomie  var.  villoea 

Sandspurs 

Bermuda  grass 

Fami ly  Urt icaceac 

8t?chnorij  cy  l  indrica  ( L . )  Swa rt  z 

False  nett le  j 

1  (Walter)  Fernald 

D.  isehaemum  (Schreber)  Schreber  ex  Mihl. 
D.  0‘injuinalie  (L.)  Scopoli 

Echinochloa  walteri  (Pursh)  Heller 

Crab  grass 

Crab  grass 
,  Crab  grass 

Walter's  barnyard  grass 

Family  Verbenaceae 

Callicarixi  americana  L. 

Lippia  nodi flora  (L.)  Michaux 

French  mulberry  ! 
Frogbit 

Eleusine  indica  (L.)  Gaertner 

Elyrrrue  airginicuB  L. 

Eragroetit  elliottii  Wet son 

Goose  gress 

Wild  rye  grass 

Love  grass 

Family  Vitaceae 

ParthenodBBuB  quinquefolia  fl.)  Planchon 
Vitia  ae.BtimltB  var.  aeattva^ie  Michaux 

Virginia  creeper  i 
Summer  grape  i 

F.  epe 'tabihs  (Pursh)  Steudel 

love  grass 

V.  rotundifolia  Michaux 

Muscadine 

Ernmthuo  gigantcuB  (Walter)  Muhl. 

Beard  grass 

' 

Fepfu’t  no  lure  i  Nuttal  1 

, Fescue 

Family  Xyridaceae 

|  l.ept"i<mfj  eoytuitum  (Schultes)  Chase 

jWitch  grass 

Xyri$  jupioai  Richard 

Yellow-eyed  grass| 
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